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Tins translation of Professor Koch’s essays on cholera waa 
originally published in the Scotsman. As now issued in per®- 
manent form, it deals with three topics : (1) the present state 
of the bacteriological diagnosis of cholera, (2)*water liltratlon 
and cholera, (3) the cholera in Germany during the winter of 
1892-93. 

The first is the most important, for on it the deduction's ih 
11 to second and third depend, but the last is the most int^ . 
esting as throwing important light on the etiology and inode j 
of distribution of the disease. . * 1 . 

Cholera may be looked upon from two qilite distinctlMints 
of view. We may take the bacillus as everything,' sayinj^* 
that where the bacillus is there is choler.i, and wliero it does « 
not exist there cholera is not: or, while equally. sayihg.ihat 
cholera cannot occur without the microbe, we nfay adhiit that 
this can exist in the intestines without proddeing chofqr^ at 
all. The latter view is the one taken by Koch, and t\^e«great 
interest in his description of the winter eptdemici^iy^s m the 
proof he gives of the presence of cholera bacilli iit persQnilt ; 
and in the stools of persons not affected by cholers^f and in | 
the inference therefrom that in an epidemic there areLioniid : 
about the actual sufferers from cholera, a large number who^ t 
although apparently free from the disease, are capahie dt' 
transporting it to fresh places. * * 

The extreme importance both as regards etiology apd^ 
public health of the suggestion that cholera infected persons , 
may be going about carrying the infection, and yet hot httV.-* 
ing the disease, is apparent. The “march ’’ of chole!raf ii|||'^ 

; spread into new districts, and its complete disappearadcefioi* 
years, are points which have always^heen recognised; iHL, 
although an admisbion of the widespread diflusion of tw 
infection makes it far easier to account for apparently isOlatoB. 
cases, it makes it all the more necessary to show son^ ; 
further cause to account for their epidemic prevalence. ' i 
As in the case of tubercle it would seem that the causp ot ' 
the disease is the growth of the bacillus,. but the cansE gf 
bacillus being able to grow is something else, and 
what we have to find out. In a rough sort of way we kn|VW 
that it is dirt and dirty living, and there is much reason W 
believe that the real bar to cholera is the general attention tp 
cleanliness and other sanitaiy principles, which is brougM 
about through the dread of it. , . 
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FOREWORD. 


Thk chief, and perhaps the only, reason w hich has letl to iny 
bcintj asked to prefix a few* words to this book, may be the 
fact that on perusing the translation, as originally published 
in the “ Scotsman ” new'spaper, I had expressed very strongly, 
both to the publisher and to Councillor I'ollard, chairman of 
the lulinburgh Public Health Committee, the desire that the 
w'ork of Professor Koch might a[)pear in Knglish in a form for 
more permanent reference. 

There are many persons in this country, medical and other, 
who have little confidence in Professor Koch ; and it may be 
admitted that the failure of his therapeutic results in the 
instance of the toxic inoculation for tubercular diseases has 
been a great trial to those w’^ho believe, as I do, that he is not 
only one of the most distinguished, but also one of the most 
trustworthy authorities of this century on all subjects con- 
nected with bacteriology in its applications to diagnosis, and 
also to the prevention of disease. 

This w’ork will, I believe, at once confirm Professor Koch's 
reputation in this respect w ith those who have hitherto believed 
in him ; and will also, perhaps, win him some converts even 
from among those wdio have, (in my opinion (juite wrongfully,) 
disparaged the whole of his work on account of the imi)crfec- 
tions of a small part of it. 

It ought to be interesting, at all events, to medical men in 
this country to find the admirable work begun by the late Dr 
Snow, so long ago as 1849, (during the second great epidemic 
of cholera,) carried on to an issue so precise and convincing as 
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in the cases of Hamburg, Altona and Nietleben epidemics 
with the help of bacteriological diagnosis. 

Since Dr Snow’s researches were published and Adopted 
by the registrar-general in England, there has never bpen much 
doubt among us as to the water-communicafion of the choleraic 
infection, the evidence of which seemed to go on accumulating 
as the incidence of the disease, in respect to particular places, 
was more and more studied, and the severity of local epidemics 
was found to be strictly in accordance with the presence of 
dangerous impurities in the water-supply. 

In 1862, the argument had been so far advanced that I was 
able, in a volume entitled “ Public Health in relation to Air 
and Water,” to develop it in great detail in its relation to the 
old “contagion” and other theories of the origin and dis- 
tribution of cholera epidemics. 

Sir John Simon, in his numerous reports as medical officer 
of the Privy Council, has insisted on the like conclusions, and 
has expressively indicated cholera as one of the “ excremental 
diseases,” or “ filth fevers.” The arguments of Von Pettenkofer 
and of the Munich School have not, so far as I have observe^, 
taken deep root among Sanitarians in this country; but, 
nevertheless, there may be some who may not at first be 
disposed to coincide with the highly controversial attitude 
of Dr Koch . in rebutting the ideas of his opponents. 

It cannot fail to be conceded, however, that in respect of 
luminous and accurate setting forth of his facts, and also of 
firm and logical statement of his arguments, the present 
treatise of Koch is simply a model of sanitary research, and, 
as such, I commend it to the careful perusal of all who have 
any special interest in the subject. 

W. T. GAIRDNER. 

University, Glasgow, 
lyth OciobeTy 1894. 



. TRANSLATOR’S PREFACE. 


In laying this translation before the British public, I think 
it right to state that I received very valuable assistance in 
preparing it from Professor Koch and from Dr Frosch, 
Professor Pfeiffer, and Professor Pfuhl, who work under 
him in the Institute for Infectious Diseases here. I have 
also to express my acknowledgments to the Plditor of the 
“ Scotsman ” for his liberality in permitting the reprinting of 
this translation, which 6rst appeared in the columns of that 
paper. Last, but not least, I have to mention my debt 
to my • public-spirited friend, Councillor Pollard, Chairman 
of the Health-Committee of Edinburgh, who succeeded in 
interesting first the Editor of the “ Scotsman,” and then the 
publisher of this volume, in the enterprise. 

GEORGE DUNCAN. 


. Berlin, 20th October, 1894. 
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On the Present State of the Bacteriological 
Diagnosis of Cholera. 


Soon after the cholera-bacteria and their relations to cholera 
became known, opposition arose in various quarters to the 
opinion that these bacteria were the exclusive concomitants 
of cholera, and might be turned to account in its diagnosis. 
I may remind the reader that people professed to have found 
the same bacteria in the mucus of the teeth of healthy 
persons, in the water of districts free of cholera, in cholera 
nostras, etc. ; but I may also remind him that these statements 
were very soon refuted. As moreover the regular occurrence 
of the cholera-bacteria in genuine Asiatic cholera was con- 
firmed a thousand timfts over in several epidemics which 
developed in the following years in France, Italy, Spain, and 
South America, and as all the experience of the present 
epidemic has taught the same, we may now, I think, regard it 
as an ascertained fact that the cholera’-bacteria are the insepar- 
able concomitants of Asiatic cholera, and that the demonstration 
of tluir presence is an infallible proof of the presence of this 
disease.* So far as I know, this proposition is no longer dis- 

* This does not imply, however, that the absence of the cholera-bacteria, or rather 
the finilure to find them, in a case suspected to be one of cholera, proves under all 
circumstances that the disease in question is not cholera. In cholera, just as in 
other infectious diseases caused by micro-organisms, cases may occur which one 
must, owing to their other symptoms, regard as indubitable cases of cholera, in 
which, however, owing to the defective qualification of the investigator, or to the 
circumstance that they are investigated at an unsuitable time, cholera-bacteria are 
not found. 
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puted by anyone whose opinion deserves serious considera- 
tion. That in my eyes, and in the eyes of everyone who 
possesses an adequate knowledge of bacteriology and of the 
nature of infectious diseases, the proof of the specific character 
of the cholera-bacteria is at the same time a proof that they 
are the cause of cholera, need hardly, I think, be expressly 
stated at this time of day ; and I do state it here once more 
only because, strange to say, there still are medical men who 
doubt the causative relation between cholera-bacteria .and 
cholera, though they cannot give even the semblance of a 
proof of any other relation between these two inseparably 
connected things. 

Whatever one may think of the cholera-bacteria, however, 
everybody will have nowadays to admit that Asiatic cholera 
must be present in every case in which one finds them, and 
that therefore the demonstration of their presence in doubt- 
ful cases is of the utmost diagnostic importance. In certain 
cases, as is well known, the clinical symptoms of Asiatic 
cholera cannot be distinguished with certainty from those of 
cholera nostras, infantile cholera, certain forms of peritonitis, 
and poisoning by arsenic and some organic poisons. Only 
its high mortality and its infectious character, which reveals 
itself by the development of groups (rf cases and by spreading 
to other places, enable one to distinguish Asiatic cholera from 
the above-named diseases. At the height of the epidemic, 
when there can no longer be any doubt of the infectious 
character of the disease, the bacteriological investigation is 
therefore not needed to enable one to recognise all but the 
slightest cases of diarrhoea with vomiting as cases of Asiatic 
cholera ; though here also bacteriological investigation, carried 
on in as many cases as possible, would guard against not a 
few mistakes, and is necessary in doubtful cases. In hospitals 
too bacteriological investigation will have to be carried on in 
future on a larger scale, because, if for no other reason, it has 
been ascertained that the excrements may contain cholera- 
bacteria a good while after the actual attack of the disease, 
and it is not permissible to dismiss patients till they are free 
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of cholera-bacteria. The proper field of bacteriological work, 
however, is the beginning and the end of an epidemic, when 
all depends on the correct judging of each individual case, 
and the swiftest possible prevention of danger to the neigh- 
bourhood.* In former times the beginning and end of a local 
epidemic could hardly ever be recognised with the necessary 
certainty ; they were to a certain extent veiled, so that one 
could indeed trace the rude lines of the epidemic proper, but 
generally lost the thread towards the beginning and the end. 
Hence too it came that the first measures were taken too late, 
and, when the epidemic began to abate, the efforts to combat 
it were stopped much too early. A material change has 
taken place in these respects. In the highly complicated 
net which cholera forms in its ways and in its spread only 
isolated threads still remain hidden to us ; all the rest, to the 
tiniest off-shoots, lies clear and distinct before our eyes. Now 
at last we can oppose the pestilence step by step, and combat 
it when it is small and weak, that is, when the prospect of 
success is greatest ; and the course the present epidemic in 
Germany has hitherto taken has shown the high utility of this 
kind of cholera-prophylaxis, directed against individual cases, 
beyond a doubt. 

In order, however, completely to utilise the advantages of 
bacteriological diagnosis, it is absolutely necessary that it be 
swift and sure. For the spread of cholera, both in the place 
of its outbreak and from there to other places, is generally so 
rapid that the delay of the measures for some days, nay even 
for one day, may do most terrible and irreparable damage. 
Moreover bacteriological technics must be able to diagnose 
even the slightest cases of Asiatic cholera, which show hardly 
perceptible indications of morbid symptoms, but which the 
presence of cholera-bacilli proves to be cases of genuine 
cholera. That there are mild, sometimes very mild, cases of 
cholera, had been conjectured before, though it had not been 
possible really to prove it; but that the gradations in the 
intensity of the disease can go so far as the experience of 
the last epidemics actually shows, is a truth first taught by 
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bacteriology, and it is not necessary, I suppose, to indicate in 
detail what a dangerous part such mildest cases may play in 
the spreading of cholera, and how important their detection 
must be.* 

The method originally described by me, of which; as is well 
known, cultivation on gelatine plates forms the basis, has, as 
very soon appeared in the course of last year’s epidemic, not 
always adequately fulfilled the demands just stated. As re- 
gards certainty/ indeed, it left nothing to be desired, for not 
a single instance of its failure in ordinary cases in skilful and 
practised hands has ever come to my knowledge. Only in 
the above-mentioned mildest cases, in which the excreta 
contain very few cholera-bacteria, cases which have become 
accessible to us only by the methods to be described below, 
does the gelatine-plate-method not suffice. But the point in 
which the method hitherto in use left most to be desired was 
rapidity of demonstration. If one proceeded in the ordin- 
ary way, and used plates on which the colonics must have 
developed so far that they presented a characteristic aspect, 
and were large enough to admit of the making of microscopic 
preparations from a single colony, the investigation generally 
lasted, according to the conditions of temperature, from a 
day and a half to two days. In many cases, however, when 
the task was the first diagnosis in a place, a still longer 
period, varying from two to five days, elapsed before it was 
possible to declare with certainty whether the disease was 
Asiatic cholera or not. Such delays, however, are not to 
be ascribed to the method, but to the inexperience of the 
investigators. I could give a good number of such instances, 
but will restrict myself to one case, which has become the 
best known of all, and also led probably to the most serious 

* These mildest cholera-cases, in which cholera-bacteria were found in the solid 
excreta of apparently healthy persons, occurred only among groups of persons who 
were equally exposed to infection, and some of whom had the disease in a severe 
form. Among persons who were not exposed to infection at all nothing of this 
kind has ever been found. One must therefore regard these cases as genuine caSes 
of cholera, and cannot use them as arguments against the specific character of the 
cholera-bacteria. 
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consequences. On the i6th of August 1892 the first cholera- 
patient was taken to the Hamburg Hospital, and died there 
on the 17th. The autopsy took place on the i8th, and the 
bacteriological investigation was begun by Dr Rumpel on 
the same’day.* It yielded no result, however, till the 21st 
of August, and would probably never have yielded any, had 
not the plates got into the hands of E. Fracnkcl, who was 
able to express a definite opinion on the following day. I 
myself have seen several cholera-colonies on a gelatine 
plate of the third dilution of this case preserved in a 
refrigerator, and was able to convince myself that in this 
case also the diagnosis presented no special difficulties. 
If the excreta of the patient had been bacteriological ly 
examined by an expert on the i6th of August, when the 
clinical symptoms were so suspicious that he was taken to 
an isolation-barrack, and that strict precautions were taken, 
a sure diagnosis would have been obtained on the 1 8th at 
latest. The excreta of a .suspicious ca.se were examined by 
Dr Wci.sser in Altona on the 19th of August, and by the 
2 1st pure cultivations of cholera-bacteria were obtained from 
them, which Dr Wci.s.ser demonstrated in Rcrlin on the 
following day. 

In the hands of a practi.scd bacteriologist the bacterio- 
logical investigation of a ca.se of cholera by the older 
method required, as already mentioned, about two day.s. 
The shortening of this so precious time, if possible, could not 
but be of the greate.st value. This conviction has forced it.sclf 
upon many bacteriologists who have had to do with cholera- 
investigations, and has induced not a few to endeavour to 
improve the method in this respect. Happily thc.se efforts 
have not proved unavailing, and we [now have es.scntial 

* German Medical Weekly, 1893, No. 7, page 161. It is unintelligible 
to me why Dr Rumpel states in his essay, in spaced out* print (the German 
equivalent for italics), that neither I nor Dr WcLsser had anything to do with 
the determination of the cholera-diagnosis in Hamburg,” as neither I nor Dr 
Weisser have ever claimed to have had anything to <lo with it. All 1 had to do 
with it was that I expressed my surprise that the cholera-diagnosis had taken so 
much time in Hamburg, whereas it had been made so quickly in Altona. 
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improvements at our disposal, of which it is not always 
possible to say with certainty to whom we owe them. Many 
have helped in the matter, one contributing a little, another 
more. It is to be hoped too that further improvements 
will be introduced in course of time. If I have nevertheless 
undertaken to give a general view of the present state of the 
diagnosis of cholera before its development can be said to be 
really complete, the reason is that those improvements are 
either not known yet at all or are inadequately known, and 
are used only in bacteriological laboratories; whereas it is 
highly desirable that they should as soon as possible be 
made accessible to the widest circles, in order that they may 
be usefully applied in the future combating of cholera. 

To avoid unnecessary prolixity, I shall omit all that has 
in course of time proved less advantageous or superfluous 
and been therefore abandoned; I shall also abstain from 
giving the complete historical development of the method and 
pointing out the merits of each contributor, restricting myself 
to describing the method which is practised at present in the 
Institute for Infectious Diseases, and which has stood the test 
of large experience. To this method belong the following parts. 

I. The Microscopic Investigation. 

After the experience of the last epidemic I must now 
attach a much greater value to the microscopic investigation 
than before. 

This part of the investigation consists in making a cover- 
glass preparation of the object to be examined (the contents 
of the intestines of a corpse, or the excreta of a patient) in 
the well known manner ; a mucus-flake taken from the fluid 
being, if at all possible, selected for this purpose. For 
staining it is advisable to use a dilution of ZiehFs solution 
of fuchsine. • 

According to the severity of the case and the stage of the 
disease, the cholera-bacteria in such preparations are wholly 
or nearly in pure cultivation, or mixed with the usual bacteria 
of the intestines, among which the bacterium coli predominates 
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in all gradations down to cases in which dhrvcd little staves 
are no longer visible through the microscope. 

the cultivation of the cholera-bacilli is pure, or mixed 
only with less numerous bacteria coli, the cholera-bacteria 
generally Jie together in characteristically formed groups at 
the places at which the mucus in the preparation is drawn 
out in the form of a thread. They form little heaps in which 
the single bacilli all have the same direction, so that it looks 
as if a little swarm of them were moving behind one another, 
like fish in slowly flowing water. Even in my first investi- 
gations this singular stratification of the cholera-bacteria in 
the mucus-flakes had struck me, and I published an illus- 
tration of it on the occasion of the first conference for the 
discussion of the cholera-question (26th July 11884).* Since 
then I have regularly drawn attention to it in lectures and 
demonstrations. There are also photographic representations, 
taken from my preparations, in Gaffky's report of the work of 
the commission sent to Egypt and India in 1883 for the in- 
vestigation of cholera (Berlin, 1887), Plate 15, illustrations 7 
and 8, and in C. Friinkers and R. Pfeiffer's Microphotographic 
Atlas (1891), illustrations 84 and 85. I have never seen 
groupings bearing even the most distant resemblance to 
those here described in cases which further investigation 
showed not to be cases of Asiatic cholera. They arc found 
exclusively in cholera, and I therefore regard them as so 
characteristic that one may with certainty pronounce the 
disease under investigation to be Asiatic cholera on the 
evidence of them alone. I even go a step further. If the 
peculiar grouping of the cholera-bacteria be wanting in 
microscopic preparations of excreta, but only bacteria coli be 
found along with numerous scattered bacteria which have the 
appearance of cholera-bacteria, then also one may conclude 
with certainty that the disease in question is Asiatic cholera. 
Only when the mixture of bacteria becomes more compli- 
cated does the microscopic diagnosis begin to be uncertain. 

But, if I maintain that the diagnosis may be based on the 
* Gennan Medical Weekly, 1884, Nos. 32 and 32A. 
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microscopic investigation alone, I presuppose that the investi- 
gator possesses great practice and experience, and also an 
eye for the differences of the forms of bacteria, a qualification 
which I have missed in not a few cases even in 'practised 
bacteriologists. Whoever therefore wishes to turn ihe micro- 
scopic examination of cholera-objects to reliable account, in 
diagnosis must first acquire the necessary practice by means 
of numerous suitable preparations, made if possible by him- 
self, and sharpen his eye for the recognition of the morpho- 
logical character of the cholera-bacteria. With this proviso 
the microscopic diagnosis is of the utmost importance, for, 
according to the experience gathered in the Institute for 
Infectious Diseases during the last epidemic, it alone formed 
the basis of a sure diagnosis in almost 50 per cent, of the 
cases the excreta of which were sent to the Institute for in- 
vestigation ; that is, the Institute was thereby enabled to 
make the diagnosis and telegraph the result of the investi- 
gation to the sender in about half of all the cases only a few 
minutes after the arrival of the material. In all these cases 
of course the investigation was afterwards so far completed 
that no doubt of the provisional diagnosis remained, and it 
was not necessary in a single case to alter the opinion based 
on the microscopic investigation alone. Everyone who 
knows that cholera can never be dealt with too promptly can 
judge of the prophylactic importance of such rapid diagnosis. 
How useful it would be too if a great number of medical men 
were practised in microscopic diagnosis, I had occasion to 
observe not long ago in a case in which attempts at culti- 
vation had been made for four days in vain, and in which the 
first microscopic preparations, as I was afterwards able to 
ascertain, would have enabled a skilled bacteriologist to make 
the correct diagnosis at once. 

2. The Peptone-Cultivation. 

In the course of his investigation of the chemical reactions 
of cholera-cultivations * Dunham had found that the cholera- 

* Periodical for Hygiene and Infectious Diseases, 1887, vol. ii., page 337. 
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bacteria multiplied very quickly at incubation-temperature 
in a sterilised solution of i per cent, of peptone, and 0*5 per 
cent, of common salt. After six hours the fluid had become 
perceptibly dimmer, and gave the well known cholera-red 
reaction with sulphuric acid. As cultivations in bouillon with 
and without peptone, treated in the same way, yielded much 
less favourable results, it followed that a pure solution of 
peptone, with a corresponding content of common salt, must 
be a specially good nutritive medium for the cholera-bacteria. 
Since then, howe'/cr, this observation was made use of only 
when one wished to produce the cholera-red reaction in the 
purest possible form. It was not applied, so far as I know, 
in order to accelerate the demonstration of the cholera-bacteria 
in excreta, etc. During the last epidemic Dunbar of the 
Hygienic Institute in Hamburg u.sed Dunham's discovery 
for the first time in investigating cholera-material, and devel- 
oped it into a .serviceable method. It is now apj>lied in the 
following manner : One or more platinum loops of the excreta, 
or, if the latter contain mucu.s-flakes, .several such flakes, arc 
put into the sterilised i per cent, pcptonc-.solution (which is 
contained in test-tubes), and then kept at a temperature of 37 
degrees centigrade. The cholera-bacteria, as Hesse has .so 
convincingly shown,* need oxygen in a very high degree ; they 
strive towards the surface of the fluid, and multiply there, 
undisturbed by the other bacteria of the fieces, which, at first 
at least, remain more in the deeper layers of the fluid. If one 
takes droplets from the .surface of the pcptonc-.solution with 
the platinum loop as .soon as the fluid .shows the first traces 
of getting dim, and examines them under the microscope, 
and if there have been many cholera-bacteria in the .seed- 
material, one often finds a pure cultivation of cholera-bacteria 
on the surface of the peptone-solution after the lap.se of only 
six hours. If they have been less numerous in the material, 
they appear on the surface later, and more or less mixed with 
bacteria of the fseccs (especially bacteria coli), so that the 
microscopic investigation may leave a doubt whether the 

* In the Periodical for Hygiene and Infectious Diseases, vol. xiv. 
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curved bacteria found are cholera-bacteria or not In all cases, 
however, the quantity of cholera-bacteria in the material 
under investigation, if it originally contained cholera-bacteria 
at all, is so largely increased by the peptone-cultivation that 
the further investigation and isolation, which would* have been 
uncertain or without prospect of success with the gelatine- 
plate-cultivation and similar methods alone, are rendered 
much easier. For it has been observed, both in the Hygienic 
Institute in Hamburg and in the Institute for Infectious 
Diseases, that in a small number of mild cases, specially 
difficult owing to the very small quantity of cholera-bacteria 
present, in which nothing more could be found by the gelatine- 
plate-method, the peptone-cultivation still yielded positive 
results. My provisional explanation of this is, that in the 
plate-cultivation the bacteria of the faeces, predominant in 
such cases, overgrow the cholera-bacteria, which cannot evade 
them as in the peptone-fluid, and so greatly check their 
development that they remain stunted and invisible, not only 
to the naked eye but even when slightly magnified. At any 
rate the peptone-cultivation has shown itself so superior to 
the plate-method on this occasion that I should not like to 
be without it in any investigation. It justifies a definite 
opinion only when the cholera-bacteria are found in pure 
cultivation on the surface of the fluid. In other cases it offers 
only the advantage — an indispensable one indeed — of enrich- 
ment in cholera-bacilli. The best time to examine the 
peptone-solution is six to.twelve hours after the putting in of 
the seed-material ; sometimes one must wait longer. It is 
necessary to examine a specimen from time to time, in order 
to hit the moment of the maximum-development of the 
cholera-bacteria. Afterwards they are overgrown and sup- 
planted by other bacteria, even in the upper strata of the 
fluid, and it may happen that, if the examination be delayed 
too long, they can no longer be found. 

It must be added that, according to the experience 
obtained in the Institute for Infectious Diseases, it is ad- 
vantageous to increase the addition of common salt to one 
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per cent, and to make the fluid strongly alkaline, if it is not 
so already. It is also necessary to note that the peptone- 
preparations on sale are not all suitable for the purpose in 
question.* We prefer the preparation sold by Witte of 
Rostock. • As the peptone of commerce, even when made in 
the same factory, does not always possess the same alkaline 
content, the addition of soda cannot be definitely stated.* 
It is therefore necessary, before using a particular kind of 
peptone for this purpose, to test its qualification to serve as 
a specially good nutritive medium for cholera-bacteria, and 
to determine the amount of soda to be added in order to 
obtain the most luxuriant cultivations. 

3. The Gelatine-Plate-Cultivation. 

The appearance of the cholera-colonics in gelatine plates is 
so characteristic, especially if they arc present in preponderant 
number or even in pure cultivation, that this method, though, 
as has been mentioned, it is surpassed in subtlety by the 
peptone-cultivation, cannot be dispensed with. Peptone- 
cultivation and gelatine-plate-cultivation must supplement 
one another. By the peptone-cultivation the object is .so 
enriched in cholera-bacteria in a few hours that the gelatine 
plate also, which without this aid would have brought only 
isolated colonies, or in certain cases none at all, to develop- 
ment, is now oversown with characteristic colonics. 

In the technics of the gelatinc-plate-method no change has 
been made. Three dilutions are prepared and poured into 
double shallow glass dishes in the well known manner 
described in all text-books of bacteriology. The warmer 
these dilutions arc kept, the more quickly the colonics appear ; 
one must therefore, in order to accelerate the procc.ss as much 
as possible, expose the plates to a temperature at which the 
gelatine remains just solid enough to prevent the excessive 
liquefaction of the cholera-colonies and the loss of their char- 

* The peptone used in the Institute contains 0*025 PC'* gramme 

(determined by titration, litmus-paper being applied as indicator). 
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acteristic appearance. If well prepared ten-per-cent, gelatine 
is used, this temperature is 22 degrees centigrade. Under 
these circumstances the colonies assume their characteristic 
aspect in fifteen to twenty hours. As a slight increase of the 
above-mentioned temperature is followed by the softening of 
the gelatine and the liquefaction of the colonies, it is absol- 
utely necessary to keep the plates in an incubator set at 22 
degrees, which does not allow greater fluctuations than half 
a degree above and below that point. If the cultivations are 
kept at too high a temperature, or if the gelatine is bad and 
becomes too soft at 22 degrees, the cholera-colonies liquefy 
the gelatine to a considerable extent, and they assume , an 
aspect greatly resembling that of Finkler’s bacteria. Unprac- 
tised investigators can therefore, if they have gone unskilfully 
to work, easily fall into the mistake of supposing that they 
have Tinkler’s instead of cholera-bacteria before them, a 
mistake which actually happened repeatedly during the last 
epidemic. 

I avail myself of this opportunity to put an end to an error 
which has maintained itself in bacteriology for a series of 
years, and passed without criticism from one text-book into 
another, the supposition, namely, that Finklcr s bacteria are 
connected in some way with so-called cholera nostras, and 
can be confounded with the bacteria of Asiatic cholera. 
Finklcr s bacteria were originally cultivated from the several 
days old putrid excreta of a person suffering from diarrhoea 
with vomiting. Their discoverer was unable to prove their 
regular and exclusive occurrence in cholera nostras, and I 
have therefore from the first denied the importance claimed 
for them. Since then I have very often had occasion to 
examine ca.ses of cholera nostras, but have never found 
Finkler’s bacilli. Other practised bacteriologists have made 
the same experience. Finkler himself told me some time ago, 
by word of mouth, that he too had never found them again. 
The most comprehensive investigations were made in this 
direction on the occasion of the last epidemic, when thousands 
of cases suspected of being cholera-cases, among which of 
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course there were numerous cases of cholera nostras, were 
bacteriologically investigated, but Finkler’s bacteria were 
not conclusively demonstrated in a single case. Where they 
were allegedly found in Peter’s clinic in Paris for instance, 
no expert*can be in doubt for a moment that their discovery 
was due to egregious blunders on the part of a beginner in 
bacteriology. After such experience Finkler’s bacteria, which 
have hitherto brought nothing but confusion, and even 
caused a mistake which led to very serious consequences 
in a case that has come to my knowledge, should really 
disappear at last from the scene, and cease to serve as a 
bugbear to incipient cholera-bacteriologists. 

Under ordinary circumstances, that is, when fresh cholera- 
bacteria develop in properly prepared gelatine, and at not 
too low a temperature, the appearance of the colonics is that 
which has been repeatedly described and represented in 
photographs.* Deviations in the composition of the gelatine, 
slow development at a low temperature, may produce a 
different appearance, the right judging of which requires 
practice. Older cultivations, long recultivated in a laboratory, 
also yield a growth deviating more or less from the typical 
one. In the case of fresh cholera-bacteria I have only once 
seen such an abnormal growth on gelatine, and the dis- 
tinguishing circumstance in this case is that the colonies 
possess a very slight inclination to liquefaction, and conse- 
quently spread out at first in forms resembling plates or 
shields. In all other qualities, especially in the essential 
ones aftenvards to be described, these bacteria agreed 
entirely with the ordinary cholera-bacteria, and must 
therefore be regarded as genuine cholcra-bactcria. In 
consideration of the fact that such deviations in growth on 
gelatine plates have been observed, though, as I expressly 
remark, only quite exceptionally, it is necessary completely 
to clear up apparently doubtful cases by applying other 
criteria. 

♦ Compare Riedel on the Cholera of 1887 ; GafiTcy’s Report of the Cholera- 
Expedition ; Fraenkel’s and Pfeiffer s Microphotographic Atlas. 
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4. The Agar-Plate-Cultivation. 

This method is, strictly speaking, only a modification of the 
preceding one, but differs from it in some essential points. 
The growth of the cholera-bacteria on agar is not so char- 
acteristic as that in gelatine, and one cannot designate them at 
once as cholera-colonies in virtue of their appearance alone. 
A practised eye, however, can distinguish cholera-colonies that 
have grown on agar from the ordinary bacteria of faeces and 
water with tolerable certainty. When they have developed 
on the surface of agar, they form moderately large colonies 
with a singular clear grey-brown transparent appearance, 
whereas almost all other bacteria here in question form less 
transparent colonies. In order to avoid mistakes, the inves- 
tigator must examine the said colonies each time under the 
microscope, with a view to ascertaining whether they consist 
of bacteria which agree morphologically with the cholera- 
bactcria. If the appearance of these colonies to the naked 
eye were alone in question, the agar- plate-cultivation would 
offer no advantages whatever over the gelatine-plate-cultiva- 
tion, and could not be turned to account in the further 
perfecting of bacteriological diagnosis. But the important 
gain we can derive from the agar-cultivation is due to the fact 
that it can be exposed to a high temperature (37 degrees 
centigrade), and therefore furnishes in eight to ten hours 
colonies of a size adapted to our further purposes. As it is 
necessary to this end to make the colonies grow on the sur- 
face and not in the interior of the agar layer, where they 
develop considerably more slowly and remain smaller, one 
does not mix the seed- material with the liquefied agar, as is 
always done in the gelatine-method, but pours the liquefied 
agar into double shallow glass dishes, lets it congeal, and then 
spreads the seed-material with a platinum loop on the 
surface of the agar. But as, further, freshly poured agar forms 
a thin layer of fluid on the surface, which would impede the 
development of isolated colonies, the double shallow glass 
dishes containing the agar must stand for some days in 
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an incubator till the fluid has evaporated, before they can 
be used further. Of course the inoculated agar plates are 
placed in an incubator set at 37 to 38 degrees centigrade. 
Quite is(^ated cholera-colonies can hardly be singled out 
among many others on the agar plate, but, if they are 
only tolerably numerous, they strike the eye at once. 
For this reason the agar-cultivation is not suitable for 
seed-material which is very poor in cholera-bacteria; all 
the more so, however, after it has been enriched by the 
peptone-cultivation. VVe therefore use this method almost 
exclusively for the further completing of the peptone-cultiva- 
tion. By means of the latter one obtains in six to ten hours 
a fluid rich in cholera-bacteria, out of which, after a further 
period of eight to ten hours, comparatively large colonies, that 
is, pure cultivations of cholera-bacteria, arise on agar. After 
being examined under the microscope, these can be used 
partly for the preparation of pure cultivations in peptone- 
solution, which in a short time render the cholera-red reaction 
possible, partly, if they are numerous and large enough, for 
experiments on animals. 

5. The Cholera-Red Reaction (Indol-Reaction). 

This refaction, which was discovered almost simultancoifsly 
by Bujwid and Dunham, takes place, as is well known, by the 
appearance of a red colouring on the addition of sulphuric 
acid in the cholera-cultivations, which contain indol and 
nitrous acid. Other bacteria also produce indol just as 
cholera-bacteria do; otjiers, again, can reduce nitric acid to 
nitrous acid ; perhaps there are also some which possess both 
these qualities in common with the cholera-bacteria ; but 
none of the bacteria hitherto known which have a curved 
form, and might for this reason be confounded with the 
cholera-bacteria, yield indol and nitrous acid simultaneously 
in their cultivations, and these bacteria do not give the red 
reaction. For this reason we must attach a very high value 
to the cholera-red reaction as a means of distinguishing the 
cholera-bacteria from bacteria of similar form. But, if the 
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reaction is to afford full certainty, the following precautions 
must be strictly observed. Above all one must get a suitable 
kind of peptone, for the different kinds do not all yield equally 
good results. The cause of this difference, as Bleisch has 
shown,* probably is that the kinds of peptone which do not 
give the reaction well are either too rich or too poor in 
nitrates. One must therefore cither find a suitable peptone 
by preliminary experiments, and procure a sufficient quantity 
of it, or, as Bleisch proposes, add the necessary amount of 
nitrate to peptones poor in or free from nitrate, if one can get 
such. A second requisite for the reliability of the reaction is 
that the sulphuric acid used be absolutely free from nitrous acid. 
The third condition is that the reaction be effected only with 
a pure cultivation of cholera-bacteria. If this is not the case, 
and if the experiment succeeds, the objection that the indol 
or the nitrous acid emanates from other bacteria is not ex- 
cluded. 

As the reaction does not take place so equably and dis- 
tinctly with cultivations which have grown in bouillon, even if 
it contains peptone, it should always be made with cultiva- 
tions obtained in a peptone-solution. 

6. Experiments on Animals. 

It had been known for a good while that cultivations of 
cholera-bacteria could have a poisonous effect, if injected into 
the peritoneal cavity of guinea-pigs, but the statements made 
on the subject contradicted each other. It was first ascertained 
by the investigations of R. Pfeiffer f Jthat the poison is con- 
tained mainly in the cholera-bacteria themselves, and that one 
obtains equable and reliable results, only if not fluid cultiva- 
tions but cultivations grown on agar are injected in a definite 
quantity into the peritoneal cavity of guinea-pigs. Following 
Pfeiffer’s example, one takes a loopful from the surface of 
the agar with a platinum loop, which can take about 1*5 
milligramme of the cultivation, distributes it in one cubic 

* Periodical for Hygiene and Infectious Diseases, vol. xiv. 

t Ibid^^ vols. xi. and xiv. 
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centimetre of sterilised bouillon, and injects it into the 
peritoneal cavity. For this little operation too one must of 
course train oneself by practice ; for, when it is undertaken 
by unpractised hands, it very often happens that the fluid is 
injected not into the peritoneal cavity, but wholly or partly 
'into the pierced intestine. The si/.e of the animals experi- 
mented on is not indifferent ; the larj^cr they are, the larjjer 
the mortal dose must be. A platinum loop of the above- 
mentioned size may be rej^arded .as a certainly mortal dose 
for a guinca-pijT of 300 to 350 jjrammes. If the experiment 
is correctly gone about, it invariably succeeds, and the singular 
phenomena of poisoning, minutely described by ITeiffer, soon 
appear, c.specially the rapid fall of temperature, to be followed 
in each experiment with the thermometer, ending in de.ath. 
As one or a few colonies vigorously developed on agar can 
furnish a cpiantity of the cultivation-substance suflicient for 
the animal-experiment, the great advantage of preparing agar- 
cultivations at the earliest possible moment is evident. Great 
value must be attached to the animal-experiment as well as 
to the cholera-red reaction, bcc.iusc it demonstrates a quality 
belonging exclusively to the cholera-bacteria in a compara- 
tively short time. Among all curved, that is, spirilla-likc 
bacteria which have to be taken into account in cholcra- 
diagriosi.s, none has yet been found which, if given in the dose 
stated, produces .symptoms even approximately resembling 
those produced by the cholera-bacteria. 


The six methods described above afford us the means of 
arriving at a sure and speedy diagnosis in all ca.ses. All that 
is necessary is to apply them rightly, that is, in judicious 
sequence and combination. 

The formerly used cultivations in the hollow object-gla.ss 
and on potatoes, and the needle-point-cultivation in gelatine, 
have been rendered superfluous by the aids here de.scribcd. 

Supposing the proper methods of taking, packing, and 

B 
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sending the objects of investigation to be known, the course 
of the investigation proper would be as follows : — 

1. 'In the first place microscopic preparations of mucus- 
flakes, if possible, arc made and examined. If ^he above 
described characteristic arrangement of the cholera-bacteria, 
or a pure cultivation of the same, appears in them, which, as 
has been said, may happen in nearly half of the cases, one 
declares the disease in question to be Asiatic cholera. For 
the complete verification of this diagnosis, a gelatine-plate- 
cultivation and a peptone-cultivation are prepared simultane- 
ously. The former is placed in an incubator set at 22 degrees 
centigrade, the latter in one set at 37 ; there must therefore 
always be two incubators with different temperatures at dis- 
posal. After about eight hours cholera-bacteria in pure 
cultivation arc found on the surface of the peptone-cultivation, 
in which case the indol-reaction is made ; the gelatine plates 
show the characteristic forms of the cholera-colonies after 
about twenty hours. It has been already mentioned that in 
the Institute for Infectious Diseases this supplementary test- 
ing has invariably confirmed the provisional diagnosis in such 
cases. 

2. If the microscopic investigation yields no sure result, 
gelatine-plate-, peptone-, and, if possible, agar-plate cultiva- 
tions from the material under investigation must be prepared 
at once. The gelatine plates are kept at a temperature of 22 
degrees centigrade, the agar plates and peptone-cultivation at 
37. From six hours after the beginning of the investigation 
onward the peptone-cultivations are microscopically examined 
from time to time for curved bacteria. As soon as the latter 
appear agar plates are prepared anew, this time from the 
peptone-cultivation, in order to get large cholera-colonies as 
quickly as possible. This may be the case so early as ten 
hours after the beginning of the investigation ; and one is then 
in a position, if their number is very large, and if meanwhile 
the gelatine plates also have developed cholera-colonies in 
preponderant majority, to pronounce the disease in question 
to be cholera, which diagnosis is afterwards tested by some 
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peptone-cultivations (prepared from the agar or gelatine plate) 
and the indol-reactions made with them. 

3. It may happen, however, that comma-bacilli appear in 
the peptone-cultivation, though somewhat later and in smaller 
number ; hcreas at the same time no characteristic colonies, 
or only quite isolated ones, are to be found on the gelatine 
plates. Then all depends on the right using of the agar 
plates which were inoculated from the peptone-cultivations. 
On these, even under such difficult circumstances, suspicious 
colonies may possibly still appear. These must at once be 
propagated in pure cultivations on fresh agar plates, in 
peptone-tubes, and in gelatine plates, and used as s(K)n cis 
possible for the indol-reaction and experiments on animals ; 
for, in such doubtful cases, it will always be necessary to make 
the animal-experiment too, in order to avoid the possilnlity of 
error. It may also be advantageous at once to cultivate in 
peptone-solution a second generatiop. from the first peptone- 
cultivations which still show few comma-bacteria under the 
microscope, in order to obtain a further multiplication of the 
cholera-bacteria that may be present, and thus considerably 
facilitate the further investigation. 

Even in such difficult cases, which, for the rest, are not 
frequent, the investigation can be finished in two days at 
most. 

As, during the last epidemic, reports came several times 
of cases in which the cholera-bacteria w^ere found only 
transiently in repeated investigations, it will be necessary in 
future under certain circumstances not to rest satisfied with a 
single negative result, but to repeat the investigation. 


The investigation of water for cholera-bacteria demands 
special discussion. It was made many times in the course 
of last year’s epidemic, but, except by C. Frankel* and 
Lubarsch,f always with a negative result, even at places 
* German Medical Weekly, 1892, No. 41. t Ibid,^ 1892, No. 43. 



20 


On the Present State of the 


where the presence of cholera-bacteria in the water was to be 
confidently expected. The failure of the demonstration has, 
of course, been turned to account in antibacterial quarters 
against the importance of the cholera-bacteria. All previous 
experience, however, teaches that man is the finest reagent 
on cholera-bacteria, and the occurrence of cholera-cases among 
human beings who could be infected only by means of water 
is in itself an irrefutable proof that cholera-bacteria must 
have been in the water in question. Such occurrences were 
frequently observed in the last epidemic, and especially the 
course of the epidemic in Hamburg, Altona, and Wandsbeck 
showed in an indisputable manner that water may be the 
bearer of the contagious matter of cholera. From the vain 
attempts hitherto made to find the cholera-bacteria in water I 
have therefore not concluded that they are not in it, but that 
our method of investigation is too imperfect to detect them 
under the very difficult circumstances with which the bac- 
teriological demonstration of contagious substances in water 
has to contend. 

The main difficulty lies in the circumstance that water con- 
tains more or less numerous other bacteria, which at once 
overgrow and stifle the cholera-bacteria in artificial cultiva- 
tions. This is especially true in the case of much polluted 
waters, into which the dirty water of towns and cities, faeces, 
etc., flow, and these are jiist the waters that had to be 
examined for cholera-bacteria. For this reason one could 
hope to find something with the means formerly at disposal, 
only if the water was strongly diluted before the investigation, 
in order somewhat to eliminate the influence of the other 
bacteria. Of course, the dilution of the water had another 
consequence, namely, that only very small quantities, gene- 
rally only fractions of a drop, could be examined. Under 
these circumstances success could be counted upon, only if 
the number of the cholera-bacteria in the water was extra- 
ordinarily great, or if that of the other bacteria was very 
small, conditions which depend on accident and are perhaps 
quite exceptional. It is probably due to such fortuitous 
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circumstances that I succeeded in demonstrating the presence 
of cholera-bacteria in an Indian tank, Frankel in the water 
of Dortmund harbour, and Lubarsch in the bilge-water of 
an Elbe steamer. In the two former cases the investigation 
seems to have been aided by the large number of the cholera- 
bacteria, in the latter by the small number of the water- 
bacteria. 

In order to be no longer dependent on such accidental 
circumstances, nothing was left but to cast about for a better 
method of investigation, and, after the favourable experience 
which had been made with the enrichment of cholera-fluids 
by the peptone-cultivation, nothing was more natural than 
to apply the same principle to the investigation of water.* 

At first, just as in the peptone-method described above, 
one drop or a few drops of the water to be examined were 
added to the peptone-solution. As, however, it was to be 
inferred from the former futile investigations of water that it 
is quite exeptional to find very numerous cholera-bacilli in 
water, the method was modified so that the largest possible 
quantities of water were subjected to investigation, which was 
done by directly adding a sufficient quantity of peptone and 
common salt (i per cent, of each) to the water, and then keep- 
ing the mixture at 37 degrees centigrade. 

After ten, fifteen, and twenty hours agar plates must be 
inoculated from the peptone-cultivation. The microscopic 
examination of the peptone-cultivation is of subordinate 
importance in this case, as one cultivates curved bacteria, very 
like cholera-bacteria in form, out of almost every water in 
the manner stated. On the other hand, all colonics of suspi- 
cious appearance that develop on the agar plate are first 
microscopically examined, and, if they consist of curved 
bacteria, further cultivated in order to be tested by the indol- 

* Probably following the same line of thought, van Ermengens, Bujwid, and 
Arens have proposed methods similar to that described above. With the help of 
his method van Ermengens has succeeded in demonstrating the presence of 
cholera-bacteria in a water-course on the banks of which cholera was prevalent. 
Compare van llassel’s Rapport sur lepid^mie de cholera 1892 dans la commune 
de Paturages. 
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reaction and the animal-experiment, which must under all 
circumstances complete the diagnosis in water-investigations. 
According to the experience hitherto made it seems to be 
advisable not to make the quantity of water to te exam- 
ined greater than about lOO cubic centimetres, and rather to 
investigate a number of specimens than to go beyond this 
quantity. 

The method just described has stood the test of experience 
perfectly in the Institute for Infectious Diseases ; the presence 
of cholera-bacteria was demonstrated with its aid in the water 
of the Elbe, in a well in Altona, on the sewage-fields of Nietle- 
ben, in the water of the Saale, and in the water taken from 
the conduit-pipes of the Nietleben asylum during the winter 
epidemic in Hamburg, Altona, and Nietleben.* In these 
cases, in which the detection of cholera-bacteria in a consid- 
erable number of suspicious specimens of water succeeded 
for the first time, all care was of course taken to exclude the 
possibility of mistake. Most of the investigations were made 
simultaneously by several of the gentlemen employed in the 
Institute. For comparison, other specimens of water not 
suspected of containing cholera-bacteria, and specimens taken 
from the suspected places repeatedly after as well as before 
the cessation of the epidemic, were examined. The various 
investigators almost always arrived at harmonious results, the 
micro-organisms always identified as cholera-bacteria by the 
indol-reaction and experiments on animals were found only 
in waters connected with cases of cholera, and the cholera- 
bacteria disappeared when the epidemic ceased. 

As already mentioned, curved bacteria which accumulate 
just as the cholera-bacteria do in the upper layers of the 
peptone-cultivation are found almost regularly, at least veiy 
frequently, in water of the most various origin. Almost a 
dozen such bacteria, belonging to the spirilla, are already 
collected in the Institute for Infectious Diseases. Other 
bacteriologists also have found such spirilla in water. All of 

* I reserve a more exact account of the circumstances under which these results 
were obtained for another communication. 
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these can be more or less distinguished from the cholera- 
bacteria by a practised eye even by the appearance of the 
agar and gelatine-colonies, but they can be distinguished 
with greit facility and certainty by the absence of the in- 
dol-reaction and of the poisonous effect on guinea-pigs. In 
human excreta they seem to occur extremely seldom and 
never in large quantity, so that there is no danger of their 
adding to the difficulties of the bacteriological diagnosis of 
cholera. 


Even the method formerly applied in the bacteriological 
diagnosis of cholera, which was restricted to gelatine-plate- 
cultivation, puncture-cultivation, etc., demanded no small 
amount of practice, if its purpose was to be quickly and surely 
gained. The somewhat more complicated new procedure, 
however, demands manifold practice and complete mastery of 
the technics in a still higher degree, and it is therefore cer- 
tainly not superfluous if I point out once more in conclusion 
with special emphasis that everyone who has to make the 
bacteriological diagnosis of cholera should acquire the neces- 
sary practice in time, and that everyone who docs not possess 
such practice would do better to relegate the investigation to 
competent hands. 
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(Received by the Periodical for Hygiene and Infectious Diseases on 
the 26th of May 1893 .) 

By all investigators of cholera whose judgment was not dis- 
turbed by fantastic dreams about telluric-cosmic influences, 
or bound by obstinate adherence to theories refuted long ago, 
more or less great importance has from of old been attached 
to water as a bearer of the contagious substance of cholera. 
Only as to the greatness of the influence of water did opinions 
differ. Some, misled by isolated observations of a specially 
surprising nature, have gone decidedly too far in this direc- 
tion, and declared water to be the exclusive bearer of the 
germ of cholera. To these the designation “ Water- P'anatic ** 
or “ Water-Theorist,” which has been much used of late, may 
not quite unjustly be applied. That I do not belong to this 
class of cholera-investigators will be admitted at once by 
everyone who knows what I have said and written about 
cholera. I have always said that, according to the experience 
hitherto gained, direct transmission from person to person 
is possible but to all appearance not very frequent, that, on 
the other hand, indirect transmissions by many bearers of the 
germ of cholera play the principal part in the real epidemics 
and mass-outbreaks of that disease, and that among these 
bearers water is one of the most important. I have further 
endeavoured to show by examples that, under certain condi- 
tions, water has really played the part ascribed to it. Beyond 
that, however, I have never, so far as I know, expressed an 
opinion as to the extent to which this factor is to be regarded 
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as effective. Nor has it been possible hitherto to arrive at a 
definite judgment on this subject, because investigations of 
the relations of cholera to water have almost always been 
undertaken' from a onesided point of view, and are therefore 
generally open to objection. Why, under such circumstances, 
attempts have been made to stamp me of all people as a 
“ Drinking-Water-Fanatic, ” I do not clearly understand. It 
seems almost as if the purpose were to attribute to me by 
hook or by crook opinions which it is easy to refute. 

In the last epidemic indeed, as, I suppose, nobody will seri- 
ously dispute, water played a very important part. Never- 
theless we cannot yet know even now whether that will be 
the case in future too, and it is certainly wiser not to pro- 
nounce a definitive opinion on the importance of water till 
we have gathered sufficient experience. Last year, however, 
has at any rate shown once more that wc have every reason 
to devote the greatest attention to water-supply. 

The cholera-epidemic in Hamburg, Altona, and Wands- 
beck was extremely instructive in this respect. These three 
places, which immediately border on one another, and, 
strictly speaking, form only one single city, do not essentially 
differ from one another except in the one respect that they 
are differently supplied with water. Wandsbeck receives 
filtered water from a lake scarcely exposed at all to pollution 
with faeces, Hamburg takes its water in an unfiltcred state 
from the Elbe at a point above the city, while Altona gets 
its supply in a filtered state from the Elbe below the city. 
Hamburg, as is well known, suffered terribly from cholera, 
whereas Wandsbeck and Altona, if the cases introduced from 
Hamburg be deducted, hardly suffered at all. The most 
surprising phenomena of the epidemic came to light on the 
frontier of Hamburg and Altona. On both sides of the 
frontier the state of the soil, the buildings, the sewerage, the 
population, in short all the conditions that are of importance 
in this connection, are perfectly similar, and yet tlie cholera 
in Hamburg spread only to the frontier of Altona, and 
stopped there. In one street, which forms the frontier for a 
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considerable distance, the Hamburg side was attacked by 
cholera, while the Altona side remained free of it. In one 
group of houses, the Hamburger ^latz, the cholera even did 
more than a man could have done with the be^t maps of 
the frontier between Hamburg and Altona at his disposal. 
It found out with sharp precision not the political frontier 
but the frontier of the water-supplies of the two cities. The 
said group of houses, densely peopled by workmen’s families, 
belongs to Hamburg, but is supplied with water by Altona,* 
and it remained absolutely free of cholera, whereas numerous 
cases and deaths occurred in the Hamburg houses all round. 
Here then we have to do with a kind of experiment, which 
performed itself on more than a hundred thousand human 
beings, but which, despite its vast dimensions, fulfilled all the 
conditions one requires of an exact and absolutely conclusive 
laboratory-experiment. In two large groups of population 
all the factors are the same except one, namely, the water- 
supply. The group supplied with unfiltered Elbe water 
suffers severely from cholera, that supplied with filtered water 
very slightly. This fact gains in significance when we con- 
sider that the Hamburg water is taken from a place where 
the Elbe is still comparatively little polluted, whereas Altona 
has to use the Elbe water after it has received all the fluid 
refuse, including the faeces, of nearly 800,000 people. Under 
such circumstances there is at first sight for all who are 
accustomed to reflect on the facts of natural science no other 
explanation whatever than that the difference which the two 
groups of population show as regards cholera is due to the 
difference of the water-supply, and that Altona was protected 
against cholera by the filtration of the Elbe water. It is im- 
possible simply to deny this fact, and all that remains is to 

* Besides this group of houses there is only one building in Hamburg, a brewery 
in Sankt Pauli, which receives water from Altona. I am able to state most 
emphatically, on the basis of information received by myself in Altona and Ham- 
burg, that the assertions that other Hamburg houses are connected with the 
Altona water-conduits and had cholera nevertheless, and that, on the other hand, 
there are Altona houses that get their water from Hamburg and yet had no 
cholera, are utterly incorrect. 
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try to bring it into harmony with ones views of the nature of 
cholera. As we have to do in this case with an epidemio- 
logical fact of the first rank, which lies before us in perfect 
clearness aid transparency, which also, owing to its easy acces- 
sibility, can •be further tested and supplemented in all direc- 
tions as regards the correctness of the observations on which 
it is based, and is therefore in this respect simply unique of 
its kind, one has a right to demand that every investigator of 
cholera wdio claims consideration for his opinion shall tell us 
what he makes of it. 

For the bacteriologist nothing is easier than to give an ex- 
planation of the restriction of the cholera to the sphere of 
the Hamburg water-supply. He need only point out that 
cholera-bacteria got into the Hamburg water either from the 
outlets of the Hamburg sewers, or, which is much more likely, 
from the excreta of cholera-patients on board the numerous 
Elbe barges anchoring off the place where the water is taken 
from the river, and that, after this had happened, cases of 
cholera, more or less numerous according to the degree of 
pollution, could not but occur among the people who used 
that water. The town of Wandsbeck was spared, because its 
water was not exposed to such pollution, and was also filtered. 
Altona received water which was originally much wor.se than 
that of Hamburg, but which was wholly or almo.st wholly 
freed of cholera-bacteria by careful filtration. This view is 
in perfect harmony with all bacteriological experience, and 
with our pre.sent knowledge of infectious substances ; it con- 
tains no contradictions and nothing forced or artificial. 

How people would derive the phenomena of the Hamburg- 
Altona cholera-epidemic from cosmic-telluric or from purely 
meteorological factors, I am at a loss to imagine ; for sky, sun, 
wind, rain, etc., were distributed with absolute equality on 
both sides of the frontier. I hardly believe that the adherents 
of the cosmic-telluric theory will even attempt to find an ex- 
planation. 

I was particularly curious to know what the .soil-theorists 
or localists, as they now like to call themselves, would say 
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to the Hamburg-Altona epidemic. According to what has 
hitherto transpired on the subject, they now, though after 
some resistance, admit the fact that the cholera-epidemic 
proper remained restricted to the territory which received un- 
filtered Elbe water, and that therefore the unfiltered water 
must have exercised an influence ; but the explanation of the 
way in which this influence, with the co-operation of the soil 
of course, was brought to bear, has been given in so extremely 
inadequate a manner that I should hesitate to discuss it here, 
if it had not come from so highly respected a quarter. 

The localistic view * is that the water had not an infect- 
ing but a “ predisposing ” effect, the unfiltered water having 
brought dirt into the dwellings, the streets, and the soil, and 
thus in a manner created a suitable nutritive medium for the 
development of the cholera-germ. In putting forward this 
theory the revered Herr Localist in his embarrassment pro- 
bably did not reflect how infinitesimal, even in the most Un- 
favourable cases, the quantity of dirt is that can be deposited 
in dwellings and in the soil by water used for cleansing 
purposes, compared with the infinitely larger masses of dirt 
which human housekeeping daily brings into the dwellings, 
and which are constantly deposited by human beings and 
animals on the streets and courtyards. He has also left out 
of account that the Elbe water which gets into the conduit- 
pipes does not always contain an admixture of the sewage of 
the city of Hamburg, but only quite exceptionally, when the 
tide is unusually high. He seems, however, — and this is the 
heaviest reproach to be brought against him here, — to have 
quite forgotten that Hamburg is one of the best drained cities 
in the world, that is, is furnished with works of which we 
know that they convey the dirty water out of the houses and 
away from the courtyards and streets by the shortest way to 
beyond the limits of the city. Of what earthly use is the 

* Von Pettenkofer, **On Cholera and the Last Cholera-Epidemic in 

Hamburg." Reports of the meetings of the Medical Society of Munich, 1892, 
vol. il Von Pettenkofer, ** On the Hamburg Cholera-Epidemic of 1892, and 
on Protective Measures," Munich, 1893. 
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sewerage, if it cannot even remove and render harmless the 
small addition of organic matter which unfiltered water brings 
with it? The soil-theory could not possibly give a more 
signal proof of its utter failure than this unlucky attempt at 
an explanation affords. 

At any rate the localists too will have in future to regard 
the filtration of water not as a thing of mere secondary 
importance, but as a very useful and even, under certain 
circumstances, indispensable measure ; and one sees here 
once more, as in so many other cases, that people may differ 
as to the explanation of a matter, but arrive at the same 
results as regards its practical treatment. 

The Hamburg-Altona cholera-epidemic, then, irrefutably 
proved that the filtration of water through sand, in the 
manner in which it is effected in Altona, affords a practically 
sufficient protection against cholera -contagion. I expressly 
emphasise the fact that, if filtration is to afford protection, it 
must be managed as in Altona. I have inspected a con- 
siderable number of waterworks with filtering apparatus, and 
know that but few of them fulfil the prescriptions now valid 
as regards filtration so strictly as is done in Altona, and I 
have every reason to believe that cholera would not every- 
where have been warded off so successfully as there. 

In order to make myself intelligible to readers to whom 
the technics of filtration are not sufficiently known, I mu.st 
go a little into the details of sand-filtration before proceeding 
further. 

The purpose of filtration is to cleanse water of the sub- 
stances suspended in it. Dissolved matter goes through 
the filter quite unaltered or hardly perceptibly altered. As 
the chemical investigation of water busies it.self in the main 
with the examination of its dissolved ingredients, it could 
contribute nothing to the study of the processes of filtration. 
But people used to be so accustomed to judge of the quality 
of water by its chemical properties that many attempts have 
been made, in utter misconception of the circumstances of 
•the case, to follow and to test the process of filtration 
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chemically. Such attempts of course never produced any 
useful results. The technicians of filtration soon recognised 
this fact, and tried to help themselves in another way. They 
tested the transparency of the water in glass or metal 
cylinders, the so-called water-testers, before and after filtration, 
and judged of the efficiency of the sand-filters accordingly. 
By this simple means they succeeded in discovering the most 
important conditions of the adequate cleansing of water 
from suspended ingredients. They found out, namely, that 
the filtration proper does not take place in the sand itself, 
but that a layer of mud must first form on the surface of the 
sand by deposits from the still uncleansed water, and that 
this layer of mud is the real filter which keeps back the dirt 
suspended in the unfiltered water. In the management of 
filters therefore the essential thing is that the filtering mud 
layer regularly form first, that it be not disturbed during 
filtration, and that, after constant further deposits of dirt 
have made it too thick and too little permeable by the water, 
it be removed at the right time. To all appearance different 
waters differ very much, according to the quantity of mineral 
and vegetable matter they hold in suspension, in capacity for 
furnishing the filtering mud layer. Some river-waters which 
are specially rich in clay can deposit a good filtering layer 
in eight to ten hours. Other kinds of water, the turbidity of 
which is caused more by vegetable matter, need twenty-four 
hours at least. At certain times of the year, when the water 
“ blooms,” the vegetable ingredients suspended in it increase 
to an extraordinary extent owing to the presence of masses 
of microscopic alg?e in the water ; they are at the same time 
of an unusually slimy nature, and consequently form a mud 
layer which often becomes impermeable by water after only 
a few days, and must then be removed. Even from these 
brief indications it is evident that sand-filtration is by no 
means so simple a matter as is very frequently supposed. But 
it has been further ascertained that the sand layer, which is 
gradually wasted away by use, must not be allowed to 
diminish below a certain depth, — about thirty centimetres, — 
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and that the water must permeate the sand layer at a certain 
rate, about a hundred millimetres an hour, if the cleansing 
is to be as complete as possible. Some other less important 
rules for filtration need not be mentioned here ; those above 
given are the most important, and suffice to render what 
follows intelligible. 

If any disturbance take place in the working of the 
filter, and the above-mentioned rules cannot be observed 
in consequence, this shows itself at once in the quality of 
the filtered water. It no longer presents a perfectly trans- 
parent appearance on examination with the water-testers. 
To the consumer, indeed, this is hardly ever perceptible, 
for even such inadequately cleansed water may still look 
clear in carafes and tumblers. Partly for this reason, partly 
because the disturbances in the working of the filter are 
generally of but short duration, no great importance used 
to be attached to them, and in many cases it was not 
even deemed necessary to construct waterworks in such a 
manner that the insufficiently cleansed water could be 
excluded from consumption. 

A complete change has taken place, however, since wc 
gained a better knowledge of contagious substancc.s, and 
arrived at the conviction that water must not only be 
rendered clear by filtration, but must also above all be 
freed of infectious .substances that may have got into it. 
For the detection of infectious matter in water, the water- 
testers were of course inadequate ; the only possible method 
was bacteriological investigation, and since that time it has 
been recognised on all hands as the only reliable means of 
testing the adequacy of the cleansing of water by filtration. 
The application of bacteriological investigation to the study 
of the processes of filtration has in general confirmed what 
was known before, but it very soon showed that even slight 
and rapidly transitory disturbances in the working were by 
no means to be made so light of as had formerly been done. 
If a filter is working satisfactorily in every respect, it is found 
by experience that the filtered water contains fewer than a 
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hundred germs capable of development per cubic centimetre, 
no matter whether it contained several hundred thousand or 
only a few. hundred per cubic centimetre before filtration.* 
But the slightest disturbances of the process of filtration — for 
instance, the increase of the velocity beyond loo^ millimetres, 
injuries to the mud layer, etc. — are at once followed by an 
increase in the number of germs in the filtered water. The 
small number of germs still remaining when the filter is in 
good working order undoubtedly emanate for by far the 
greater part from the filtering material covered with bacterial 
vegetations, that is, from the lower parts of the sand layer, the 
gravel and stone layers, which, like all water-washed objects, 
get overgrown in course of time with vegetations of micro- 
organisms. These are of course quite harmless, and are 
found in every kind of water. To judge from the investi- 
gations of Frankcl and Piefke,t however, a small number of 
the bacteria found in filtered water come from the unfiltered 
water. Even with our best filtering arrangements then we 
cannot keep back all micro-organisms. This too must be 
attainable, but it would then be necessary to make the rate 
of filtration much slower even than it is, and perhaps to use 
thicker layers and other filtering material, all which would 
involve an enlargement of the works and an increase of 
expense that would exceed practicable limits. To all appear- 
ance we have attained the limit of capability with our present 
arrangements. 

Altona's experience of last year, however, is the best proof 
that the efficiency already attained is practically adequate. 
At the waterwork of that city, which is fortunately managed 
by one of our ablest and most experienced filtration- 
technicians, the rate of loo millimetres was never exceeded 
during the cholera-epidemic, and it was evidently due to this 

* When filtration goes on at the rate of lOO millimetres an hour, differences in 
the bacterial content of the water before filtration may indeed affect the number of 
the bacteria in the filtered water, but the latter number must never exceed loo 
germs per cubic centimetre, even when the unfiltered water is very strongly 
polluted. 

t Periodical for Hygiene and Infectious Diseases, vol. viil, No. i. 
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precaution that Altona suffered in so strikingly slight a 
degree. According to the information at my disposal regard- 
ing the cholera in Altona,* there were about 500 cases there, 
of which, “however, at least 400 were found to have been 
introduced • from Hamburg, or to have originated through 
intercourse with the harbour, or must be regarded as emanat- 
ing from such cases by direct transmission. Of the remaining 
100 cases, which cannot be directly or indirectly traced to 
Hamburg, a certain number will nevertheless have been of 
the same origin, though it was not j)ossible to prove it. 
Whether among the remnant of cjiscs left after these deduc- 
tions, which, as* having originated independently of Ham- 
burg, form the Altona epidemic proper, there were a certain 
number of cases which were due to the imperfect cleansing 
of the infected Elbe water in the sand filters, can, I supixisc, 
never be decided. After the investigations of Eriinkel and 
Piefke, however, which have .shown that, at a filtration-rate of 
100 millimetre.s, the cholera-bacteria are not completely kept 
back by sand filters, I think it very probable. But the 
number of cholera-cases that originated in . Altona in this 
manner cannot have been at all considerable, and it will 
probably not be possible to demand that, in order to prevent 
such isolated cases with certainty in future, the sand filters 
must be enlarged to two or even three times their present 
dimensions. All that we yet know of sand-filtration, therefore, 
compels us to admit that, even under the most favourable 
.circumstances, it cannot afford absolute protection against 
infection, though, as I have already said, it does afford a 
protection with which, considering the practical conditions 
of life, one may rest content. 

In^'itself this result will afford us no small reassurance with 
regard to all towns that have to trust to .sand-filtration. But 
the present cholera-epidemic itself has unfortunately already 
taken care not to let this reassurance go too far; it has 
shown us by several palpable examples that filtration- 

* Compare Wallichs “On the Cholera in Altona," German Medical Weekly, 
1892, No. 46. 
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apparatus in itself does not suffice, but that it must be per- 
fectly constructed in every respect, most carefully managed, 
and kept under constant bacteriological supervision, if the 
protection afforded is not to be more or less illusory. The 
occurrences which have again thrown us into some uncertainty 
with regard to the efficiency of sand-filtration are those of the 
cholera-epidemic at Nietlebcn near Halle and of the winter 
epidemic in Altona. They are so instructive that they deserve 
somewhat minute discussion. 

The provincial lunatic-asylum of Nietlebcn, situated some 
kilometres west of Halle, gets its water from an arm of the 
Saale which is called ‘‘ the Wild Saale.” The water of the 
Wild Saale flows down into a filtering apparatus and then 
through an iron siphon-pipe to the pumping station of the 
establishment. The pumps then lift it into several highly 
situated reservoirs, from which the pipes are fed. The filter- 
ing apparatus, to which our interest is at present limited, has 
been at work since 1883. In its arrangements it almost 
entirely resembles the larger filter-works built in recent times. 
It consists of three walled and covered filters side by side, 
each having an area of 41*25 square metres. The filtering 
material consists, as usual; of an undermost stone layer, on 
which rest first gravel and then sand, the latter in a layer 66 
centimetres deep. The river-water does not flow directly on 
to the filters, but passes first through two parallel basins with 
an area of 11*25 square metres each, from which it is led 
■ through iron pipes to the surface of the sand layer. After 
the water has passed through the filter-layers, it gathers in 
channels at the bottom of the filters connected with three 
smaller receivers, the so-called collecting shafts, on the other 
side of the filters. These collecting shafts, which communi- 
cate with one another, form, as it were, the pure-water- 
reservoir, from which the iron siphon-pipe of the pumping 
station sucks the filtered water. According to the evidence 
of the man in charge of the filters, which was protocolled, 
the filters were treated as follows : — 

As soon as one of the filters was so choked with mud that 



Water-Filtration and Cholera. 


35 


it had to be cleaned, its inlet and outlet were closed, and the 
water standing on the sand was pumped off with a hand- 
pump till it was only lo centimetres deep. Then the filter 
was reconilected with its collecting shaft, and the water in 
the latter \tas removed by means of pumps, after the com- 
munication with the siphon-pipe had been closed. The 
water left standing on the sand layer of the filter now sank 
in the filtering material, leaving the surface of the sand dry. 
Then boards were laid on the sand, and all of the upper- 
most sand layer that looked dark and muddy was removed. 
After this the surface of the sand was smoothed again, and 
the boards, which had served as a basis for the workmen's 
feet, were removed. In order to fill the filter again, the slide 
which shut off the water of the fore-basin from the filter was 
opened very gradually, in order that the upper sand layer 
might not be whirled up, which, however, could not be quite 
avoided in the parts near the pipe, even when the water 
flowed in slowly. The opening of the slide lasted about 
twenty minutes. About three quarters of an hour after the 
slide had been opened the water generally stood higher in the 
collecting shaft than in the two other collecting shafts, where- 
upon the connection with them and with the si[)hon-pipe was 
re-established, and the process of filtration recommenced. 

This filtering apparatus was originally estimated for 700 
inmates of the establishment at the rate of 300 litres daily 
per head, the pumps working 1 5 hours a day. Consequently 
14 cubic metres of water had to be filtered per hour. For 
this only two of the filters, with an area of 82*5 square metres, 
were at disposal, as the third, lying idle while the work of 
cleanirig it was going on, was not taken into account. Cal- 
culating with these numbers for a basis, one gets a filtration- 
rate of 170 millimetres an hour. 

The filters remained efficient for about three weeks after 
the work of filtration first began. Very soon, however, 
(already in 1884) the filtration became less satisfactory^ and 
the filters had to be cleaned at intervals varying from a 
fortnight to ten days. It was found at the same time that 
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the siphon-pipe, which, as already mentioned, conveyed the 
filtered water to the pumping apparatus, and originally con- 
sisted of clay pipes, was not impervious. It received pretty 
considerable quantities of underground water from the ground 
in which it was laid. In reality, then, the filtering apparatus 
even at that time, when the filters were cleaned every ten to 
fourteen days, only partly supplied the wants of the establish- 
ment. The clay siphon-pipe was then replaced by an iron 
one, so that only filtered Saale water could get into the 
asylum. At the same time the establishment was consider- 
ably enlarged, and the number of the inmates increased from 
700 to about 1000. In this way, however, the disproportion 
between the capability of the filtering apparatus and the 
demands made on it, which had existed from, the very first, 
was so tremendously increased that, in order to obtain the 
necessary quantity of water, only one expedient remained, 
namely, that of keeping the sand layers of the filters as per- 
meable as possible. The intervals between the cleanings 
became shorter and shorter, and in the last two years (1891 
and 1892) the man in charge had to clean two of them every 
week in summer and all three in winter. Number one was 
cleaned every Monday and Tuesday, number two every 
Wednesday and Thursday, nuniber three every Friday and 
Saturday ; on Sundays all three worked together. 

The filtering apparatus has some faults even of construc- 
tion. It has no contrivance for measuring and regulating the 
rate of filtration ; badly filtered water cannot be removed ; in 
starting the filter the sand layer cannot be filled with filtered 
water from below, and the wallowing up of the sand by the 
instreaming unfiltered water cannot be prevented. These are 
faults, however, which are found in large filter-works too. 
They make it very difficult to get well filtered water, but not 
impossible. Had the Nietleben filter-work been skilfully 
managed, and kept under constant bacteriological supervision, 
it would have furnished water less in quantity indeed,* but of 

* With two of the filters in full activity, and working with a total filter-area of 
82*5 square metres at the rate of 100 millimetres an hour, the work would have 
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a quality hardly open to reproach from the hygienic point of 
view. After the above description, however, it is impossible 
to speak of the treatment of the filters as skilful. It is 
evident that none of the parties concerned had the least con- 
ception of the manner in which a filter-work must be treated. 
The filtered water was chemically examined occasionally, 
and it was thought that, if the chemical analysis .showed it to 
be free of ammonia and nitrous acid, the filter-work was doing 
its duty, especially if the chemist at the same time reported 
that there were indeed .some brown and green alg.e visible 
in the water under the microscope, but that no “cocci and 
bacteriaceas ” (“ Kokken und Bakteriaceen ’*), and “no things 
that could be called exactly noxious,” were to be found in it 
Not one regular bacteriological investigation was made before 
the outbreak of the cholera; and yet a single such investiga- 
tion would have .shown at once that the water was freed in 
the filter-work only of the coarser substances suspended in it* 
Of micro-organisms and of infectious substances in particular 
only the smallest part could be kept back by such filtration. 
At bottom the one thing aimed at was to hurry as much 
water as po.ssiblc through the filter-beds, and, with this aim 
in view, it was utterly impossible to procceri in the regular 
way, and to let the indispensable mud layer form on the 
surface of the sand. 

The fact that the water must rest at least 24 hours over 
the sand, in order to let the filtering mud layer form, was 
utterly unknown at Nietleben, for from the first the filtration 
was started three quarters of an hour after the admi.ssion of 

furnished 198 cubic metres of filtered water, that is, nearly 200 litres a head daily, 
provided that the pumping apparatus had worked 24 instead of 15 hours a day. 
If necessary, however, the demands made on the work might still have been much 
reduced, for 200 litres a head are a very copious water-supply. I had occasion 
lately to inspect another lunatic-asylum, which, indeed, was not yet in use, but of 
which I was ofHcially assured that it would have to make a water-supply of 25 
litres per head daily suffice, as it was absolutely impossible to procure more. It 
is true that it has no steam-boilers to supply with water, as the Nietlcl>cn asylum 
has. 

* Not always even of these, for the water in the asylum was often so unclear 
that the employees did not like to drink it 
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the water to the filter. But so much mud must nevertheless 
have been deposited on the surface of the sand during 
filtration after one day or a few days that the water would 
then at least have been well filtered. In theMast years, 
however, even this was no longer allowed, fof the filters 
worked only about five days at a time, and the filtering 
mud layer was scratched off again almost before it had 
formed. At bottom therefore in these years the filtration 
was merely nominal, in reality the water went uncleansed 
through the filter-work. In order to prove this, Professor 
Pfuhl bacteriologically examined the water before and after 
filtration, while the process of filtration was going on. In 
the uncleansed Saale water he found 302400 germs per cubic 
centimetre, in the filtered water 52,410. Had, as I have 
already said, only one such bacteriological investigation been 
made before the cholera-time, and its result duly appreciated, 
the danger could hardly have been looked forward to so care- 
lessly ; the evils would have been remedied in time, and the 
establishment would have been saved from a great disaster. 
And there was every reason to pay the very greatest attention 
to the filtering apparatus, for, as I shall have to show at 
another place, the circumstances at Nietleben are quite 
similar to those at Altona. The water to be filtered is most 
alarmingly exposed to pollution. The Saale water flows to 
the place laden with the dirt of many places situated farther 
up, especially of Leipsic, the sewage of which is poured into 
the Saale by the Elster, which flows into it four to five miles 
above Nietleben. The worst circumstance, however, is that 
a dirty little brook, bearing the very significant name of 
Saugraben (Sowditch), flows into the Saale, fifty paces above 
the place from which the asylum takes its water. It comes 
from the village of Nietleben, receives the dirt of that place, 
of several mines and factories, and, immediately before 
flowing into the Saale, the off-flow of the sewage-fields of 
the asylum itself. Nor does the turbid water of the Sau- 
graben mingle quickly and sufficiently with the Saale water; on 
the contrary it flows for a long time, recognisable by its colour, 
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along the bank, and arrives almost undiluted at the place 
where the asylum takes its water, so that it is not pure Saalc 
water but only the moderately diluted water of the Sau- 
graben that flows into the filters. The danger of constructing 
a waterwo^k close below so strongly polluted an affluent 
would certainly not have been risked, unless absolute con- 
fidence had been felt that the water would be cleansed of 
noxious substances by careful filtration ; and it was certainly 
not suspected that, managed as the waterwork was, it 
would not afford the asylum protection against infection, 
but must necessarily become simply a catching-apparatus 
for infectious matter, which accordingly, sad to say, it 
ultimately became. The details of the cholera-epidemic at 
Nietleben were in themselves a proof that the badly filtered 
water was the bearer of the infectious substance. Moreover 
cholera-bacteria were found in the water of the Saale at two 
different times below the place where ihe Saugraben flows 
into it. They were also found in filtered water taken from 
the collecting shaft of filter number 2, and in water taken 
from the pipes in the asylum itself. 

In the waterwork of Nietleben we have an instance of an 
establishment which, despite its faults, must have yielded 
satisfactory results, if it had been very skilfully and carefully 
managed ; by means of slight alterations too the faults might 
have been almost wholly remedied. In contrast with this, 
however, we are now to learn by the example of the Altona 
waterwork that the filter-works now existing may have 
faults, the importance of which has cither been unknown 
hitherto or at least inadequately appreciated, and against 
which even the best management is powerless. 

The Altona waterwork is one of the oldest in Germany. 
It is at Blankenese, about seven miles below the place where, 
on the same bank of the river, at the frontier of Hamburg 
and Altona, all the sewers of those two cities pour their 
contents into the Elbe. The place from which the water is 
taken lies in the part of the river subject to the tide, the 
average difference in the height of which in the streams of 
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that region is somewhat more than two metres.* During 
the ebb the waterwork receives the Elbe water of the right 
bank, strongly polluted by the sewage of the two cities ; 
during the flow it receives from the backrolled stfeam water 
containing large quantities of less polluted Elbe v^ater. This 
difference can be perceived at once by the bacteriological 
examination of the Elbe water, the germ-contents of which 
vary very considerably ; at short intervals a few thousand 
and then again some hundreds of thousands of germs can 
be found in the cubic centimetre, and that even in winter, 
when the number of germs in the water of other rivers is 
wont to diminish considerably and uniformly. Close to the 
Elbe is the pump-work, which raises the water 847 metres 
high to the Baursberg (a hill overtopping the steep bank of 
the Elbe), where the waterwork is built. The latter consists 
of two settling-tanks, in which the pretty turbid Elbe water 
deposits a part of its heavier ingredients, and ten open filters. 
Each filter has an area of somewhat more than 800 square 
metres. From the filters the water flows into a pure- water- 
reservoir containing 3050 cubic metres, and from there down 
to the city. The construction of the filters does not differ 
from that usual in works of the kind. 

Since the summer of i8go the water has been subjected 
to bacteriological examination, but only once a week, and 
only in specimens taken from the pure-watcr-reservoir.f Till 
summer 1892, that is, during a period of two years,, except 
for a short time in January 1891, the number of germs in 
the cubic centimetre of filtered water has always remained 
less than a hundred. Numbers under twenty were the rule; 
fifty to seventy colonies were exceptional. This excellent 
result is undoubtedly due to the skilful and careful treat- 
ment of the filters ; specially stiict care was taken that the 
rate of filtration never exceeded 100 millimetres an hour; 

* Compare “ Hamburg from the Points of View of the Naturalist and the 
Medical Man ” (a treatise written in honour of the forty-ninth assembly of German 
naturalists and medical men), Hamburg. 1876, page 236. 

, t Kiimmel’s Experiments and Observations on the Effects of Sand Filters,” 
%Schilling*8 Journal for Gas-Lighting and Water-Supply, 1893, No. 9. 
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generally it was still slower. It is of special importance too 
that the uniformly low numbers of germs were maintained, 
though the unfiltered water kept constantly fluctuating in 
this respectj and was sometimes polluted to an extraordinary 
degree. Tlfis is a proof that, with proper management, a 
filter-work must furnish water with fewer than 100 germs per 
cubic centimetre, even when the uiifiltered water is of the 
worst, for it would be hard, I think, to find worse water than 
that of the Elbe at Blankenesc. 

But we can also learn from the Alton a filter- work that 
disturbances in the working of the filters at once reveal 
themselves bacteriological ly ; not rarely, however, also by 
the effect of the infectious substances no longer sufficiently 
kept back by the filter, that is, by the outbreak of infectious 
diseases in the districts supplied by the waterwork. Fortu- 
nately there are not many infectious diseases the germs of 
which can be carried by water. We know only two with 
certainty, — cholera and enteric fever. For us cholera comes 
under consideration only periodically, but enteric fever, as 
an endemic disease occurring everywhere among us, con- 
stantly. One may assume, I think, that our cities arc never 
quite free of enteric fever, and that their sewage always 
contains, besides other fieccs, those of entcric-fever-patients 
also, and in them the infectious matter of that disease. If 
now, as is generally the case nowadays, the sewage is removed 
as soon as possible from the place by the sewers, and if it 
is not brought in again by the water-supply, enteric fever, at 
least so far as infection by water is concerned, abates. It 
need not on that account wholly disappear, for, like cholera, 
it has other ways of spreading than by water; I even be- 
lieve that enteric fever is still less dependent on water, and 
can find its way more easily without water, than cholera 
with its exotic, strictly speaking, tropical infectious matter, 
the life of which depends on moisture and warmth in a 
much higher degree than that of the hardier enteric-fever- 
bacillus. The latter, however, can, as numerous recent 
observations prove, occasionally be spread by water,* and, if 
* If I say here that enteric fever can be spread by water, I am quite prepared 
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a striking increase of equably spread cases of enteric fever 
without connection among themselves suddenly occurs in 
districts supplied by a certain waterwork, there is every 
reason to inquire whether the epidemic is not calised by the 
water-supply. If now, in such a case, this susp'icion is con- 
firmed, enteric fever has served, so to speak, as an index for 
defects in the water-supply. Such a connection has in point 
of fact proved demonstrable in almost all such cases in which 
the investigation was conducted thoroughly and without 
prejudice, and the phenomena of enteric fever in a place 
will therefore in future be a most valuable aid to the detection 
of faults in the water-supply. 

Something of this kind happened in Altona. During the 
last decades the city has had epidemics of enteric fever which, 
owing to their peculiar phenomena, awakened the suspicion 
that they must be connected with the water-supply. We owe 
our first information on this subject to Reincke.* He pointed 
out that the enteric-fever-epidcmics in Altona are not simul- 
taneous with those in Hamburg, but some weeks subsequent 
to them, and that their sphere in Altona coincides with that 
of the water-supply. He therefore expressed the suspicion 
that they were due to the water-supply. He was confirmed 
in this suspicion by the result of bacteriological investigations 
carried out by Spiegelberg in 1885 and 1886. These investi- 
gations, which were made unfortunately only at intervals of a 
month, showed that the number of the germs in the water of 
the Altona water-supply had greatly increased shortly before 
the outbreak of the enteric-fever-epidemic of 1886. On the 
20th of February 1886 the number was 1150 per cubic centi- 
metre. Reincke concluded from this that disturbances must 
have occurred in the working of the filters, but did not succeed 
in demonstrating them. Wallichsf got a step nearer to the 

' to see myself at once denounced in a certain quarter as a ** drinking-water-fanatic” 
as regards enteric fever too. 

* Reincke's ** Enteric Fever in Hamburg, witk Special Reference to the Epi- 
demics of 18S5 1888,” Hamburg, 1890, pages 35 and the following. 

« t AVallichs* ** An Epidemic of Enteric Fever in Altona in the beginning of 
1891,” German Medical Weekly, 1891, So, 25. 
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solution of this question. It had specially struck him that 
from 1 886 to 1888 an enteric-fever-epidemic had developed 
every year after a long frost. In 1886 a period of frost in 
February w^s followed by an enteric-fcver-epidemic in March. 
In 1887 January was the colder month, and enteric fever rose 
to its maximum in February. In 1888 February was colder 
again, and enteric fever was severest in March. In 1891 
also a cold period in January was followed by an increase 
of enteric fever in February. During this last epidemic the 
results of the above-mentioned continuous bacteriological 
investigations of the Altona water W'ere at disposal. They 
showed, as Spiegelberg’s investigations had shown in* 1886, 
that shortly before the outbreak of the enteric-fcver-cpidemic 
the number of germs in the filtered water had risen con- 
siderably (to 2615 on the 13th and to 1364 on the 20th of 
January according to Wallichs, to 1900 once and to 1100 
another time according to Kiimmel). Wallichs, indeed, did 
not then feel justified in directly attributing the epidemic to 
the water-supply, but he expressed the strong suspicion that 
it might be the cause, and raised the question whether the 
filtration had not been disturbed by the forming of ice on the 
open filters, or whether it was not possible that, when tlie 
filters were cleaned during severe frost, the surface of the sand 
froze and then filtered inadequately. These possibilities were 
disputed by Kiimmel at the time. The same writer after- 
wards opposed the theory of the dependence of the enteric- 
fever-epidemic in Altona on the water-supply, on the ground 
that another enteric-fever-epidemic broke out in February 
1892, during and before which the number of bacteria in the 
filtered water did not increase. I do not admit the validity 
of this latter objection, for the filtered water was examined 
only once a week, and the water cleansed by each of the 
filters was not examined, but only the water of the pure- 
water-reservoir, consisting of water from all the filters. Under 
such circumstances, as we shall afterwards see, fluctuations in 
the bacterial content can easily be overlooked, especially if 
the disturbances in the filtration are restricted to only one of 
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the filters. Kiimmel himself says that in the number of 
the germs rose very rapidly, but fell again with equal rapidity ; 
as soon as only a few of the filters were cleaned, it fell at 
once to the normal number, and in three weeks ail was over. 
But such periods of increased numbers of germs* may be still 
shorter ; they sometimes last only a few days, and then, when 
the examination takes place only once a week, they easily 
escape observation. 

Attention having already been drawn by the previous 
enteric-fever-epidemics to the possibility of the insufficiency 
of the filter-work during a cold winter, suspicion of course 
took the same direction when in January and February 1893 
cholera-cases unconnected with one another occurred in all 
parts of the city. Introduction from Hamburg, which had 
played so great a part during the previous summer, was out 
of the question, for some of the patients had never left their 
homes, others had had no demonstrable intercourse with 
Hamburg, and, above all, the cholera had already completely 
died out in Hamburg. Of some of the last Hamburg cases it 
was even believed in Hamburg that the infection must have 
been caught in Altona or at least in the Hamburg suburb of 
Sankt Pauli, which had for some months past been supplied 
with Altona water. This fear even led to the closing of the 
outlets for Altona water in Sankt Pauli. 

The question now was whether the said suspicion was really 
well founded, and the first thing to be done in order to 
answer it Was to consult the record of the bacteriological 
investigations. Since the ist of October 1892 Weisser had 
examined specimens taken from the pure-water-reservoir 
of the Altona waterwork almost daily. His figures at once 
showed that the number of the bacteria in the filtered water 
had increased for a very short time so early as the first week 
of December. On the 30th of December 1892 the number 
began again to rise, rose on the 12th of January 1893 to 1516, 
fell again for a while, and rose in the last week of January, 
to from 1200 to 1400. After this there was no longer any 
doubt that some disturbances must have taken place in the 
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working of the filters. When such disturbances occur, they 
of course never affect all the filters at once, but always only 
this and the other ; it was necessary, therefore, in order to de- 
tect the fault, to examine the filters at once bacteriologically 
one by one.* Unfortunately this could not be done, for the 
filters were not provided with apparatus enabling one to take 
the water just filtered from each of them. Only filter number 
8 could be examined by itself ; numbers i to 4, 5 to 7, and 9 
and 10 poured their water into the pure- water-reservoir by 
means of common pipes, and could therefore be tested only 
in groups. According to Weisser’s investigations the number 
of the germs went down to 1256 on the 30th and to 354 on 
the 31st of January.* From the 1st of February onward we 
have the results of the investigations of a bacteriologist who 
is appointed to conduct the daily investigations of the filters 
of the Altona waterwork. Since the 3rd of February it has 
been possible to examine filters 9 and 10, and since the 8th of 
February all the filters, separately. The numbers for February 
are given in the following table. 

The figures of this table arc of extreme interest. They 
show in the first place that filter number 8 and the pair 9 and 
10 worked badly on the ist of February. The separate ex- 
amination of the latter two on the following day .showed that 
number 10 was the one that filtered badly. The group, con- 
sisting of 5, 6, and 7, also failed to give sufficiently cleansed 
water. At the same time the number of germs per cubic 
centimetre in the pure-water-reservoir was only 1 54, a number 
which would scarcely have induced one to suspect a disturb- 
ance in the working of the filters; and yet at least two of 
them were working badly. But the bad result was so far 
concealed by the better working of the other filters that the 
collected water of the pure-water-reservoir showed only a trace 
of it, which could easily have been overlooked. During the 
previous days, on which much higher numbers of germs were 

* The specimens to which these last numbers refer were not taken from the 
pure-water-reservoir but from a tap, in the military hospital in Altona. The water 
of the pure-water-reservoir, being nearer the filters, would probably have yielded 
somew^t lower numbers. 
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found in the water in the city, the disturbances in the work- 
ing of the filters must have been considerably greater. It is 
probable that, owing to the necessarily increasing deposits of 
mud on the filters as the process of filtration went on, they 
had abated down to the degree which was ascertained on the 
1st of February. 

The Germ-Content of the Water of the Altona Waterwork. 
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— C. means cleaning of the filter.) 


The examination of the water of filter number lo on the 22nd did not succeed. 

Another point to be noted is the behaviour of the filters 
immediately after being cleaned. The table teaches that a 
filter that has been cleaned almost always works unsatis- 
factorily for some time after. From the numbers of the 
following months, which on the whole agree with those of 
February, and therefore need not be given here, it is evidentr 
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that the renewing of the sand layer, which is necessary for 
every filter from time to time, causes a still greater disturb- 
ance than the simple cleaning. Filter number lo for instance, 
the sand of« which was filled up on the 13th of March, had 
1880 germs •on the 15th, and still 148 on the 24th. Filter 
number 8 had only 20 to 30 germs several days running 
before the renewal of its sand, 1364 immediately after, and 
468 and 244 on the two following days. 

For the rest, the daily investigation confirmed the previous 
experience that when a filter is working well it furnishes water 
with fewer than 100 germs per cubic centimetre. 

These circumstances are of high importance for the future 
judging of the performances of a filter-work, and I shall have 
to return to them later on. 

According to the investigations of the 1st of February, filter 
number 8 was the one that had been working worst, and the 
defect which had caused the disturbance of the filtration was 
therefore to be sought for in it. Fortunately it was discovered. 
On the 3rd of February the water standing on the sand layer 
of the filter was let off, and the mud layer removed. It was 
found, as Director Kiimmel wrote me on the 4th, that the 
surface of the sand layer was frozen. According to Herr 
Kiimmers • communications, the freezing of the sand layer 
took place as follows: — After a long period of frost somewhat 
milder weather had set in, and they wished to avail themselves 
of it for cleaning the filters. They began with number 8 
at a temperature slightly below freezing-point, freed it of ice, 
and let off its water. Then, however, the temperature fell 
quite unexpectedly to 14 degrees below zero Reaumur (half 
a degree above zero Fahrenheit), and the surface of the filter 
was completely frozen, so that the cleaning could be finished 
only with the greatest difficulty. The filter was filled with 
water and left inactive for the usual time, after which, how- 
ever, it hardly filtered at all, that is, hardly any water flpwcd 
through. Several days elapsed before the filter could be used 
at the rate of about 40 millimetres, after which it gradually 
improved, and could filter at last at about double that 
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rate. This had happened from the 24th till the 26th of 
January. 

The freezing of the- surface of the sand layer during the 
cleaning of the filter, then, was found to be thcf root of the 
evil. The freezing up of the sand makes it* utterly im- 
pervious to water, and therefore the filter did not work at 
all at first. Under the water and in contact with it the 
ice layer must gradually have melted at some places, and 
allowed filtration to proceed first at 40 and at last at 80 
millimetres, that is, nearly the usual rate. This statement, 
however, means only that the filter gave as much water as 
it would have given with its full area at the rate of 40 and 
at the rate of 80 millimetres. But it did not filter with its 
whole area, probably only with a small part of it, for on the 
3rd of February the surface of the sand was found almost 
completely frozen. From this it is to be inferred that the 
water must have passed through the pervious fraction of 
the filter at a rate proportionate to the loss of area. As it 
cannot be arithmetically determined how much the filtering 
area was diminished by the freezing of the surface of the 
sand, it is also impossible to state the rate of filtration with 
arithmetical accuracy. But, under the circumstances de- 
scribed, it will unquestionably have attained the maximum 
of which the difference of level between the unfiltered and 
the filtered water admitted, that is, the filter worked with 
the filtering area still at disposal as badly as possible. 

It used to be disputed that the freezing of the surface of 
the sand could give rise to disturbances of the working, on the 
ground that a thin coating of ice that may possibly form 
under the water, the temperature of which is of course 
always above freezing-point, must soon melt. This case, 
however, — the first in which a timely and accurate investiga- 
tion has taken place< — furnishes a palpable proof that the 
freezing of the surface of the sand does occur, and may 
disturb filtration in the most dangerous manner. In future 
therefore, we shall always have to take this possibility into 
account in the case of waterworks which have open filters. 
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But filtration may have the most formidable difficulties to 
contend with in winter without any freezing of the surface of 
the sand at all. In order to clean open filters in winter, 
the sometimes quite thick coating of ice which forms on the 
not yet filtefed water standing on the sand must be removed. 
It is broken, and the ice is pulled piecemeal out of the water. 
The Altona filters have a comparatively very small area 
(somewhat over 800 square metres), and it is not excessively 
difficult to free them of their coating of ice, especially if, as 
is always done, the edge of the filter is constantly kept free of 
ice. The larger the areas of filters are, the more difficult is 
this incessant conflict with the ice that forms on their sur- 
face. The Berlin waterwork at the Stralau Gate has open 
filters which are four times as large as the Altona ones, and 
there the cleaning of the filters in winter seems to have 
almost insurmountable difficulties to contend with. From 
1885 to 1891, during which years the water of these filters 
was bacteriologically examined in the Hygienic Institute in 
Berlin,* a period in which the w’ater was insufficiently filtered 
occurred almost every winter. The reason was that it was 
impossible to clean the filters long after the mud layer had 
become too thick, because the water on the open filters w'as 
thickly covered with ice. The consequence was that the 
whole work had to be done by the few roofed filters, in which 
the water was not frozen, so that great irregularities in the 
working and maximum-rates of more than 200 millimetres an 
hour were often unavoidablc.f 

But the open filters of the Stralau waterwork are not the 
largest The new Hamburg waterwork has open filters 7500 

. * Report on the Examination of the Berlin Water from the 1st of June 1885 till 
the 1st of April 18S6, by Plagge and Proskaucr, Periodical for Hygiene and 
Infectious Diseases, vol. ii. Proskauer ** On the Quality of the Berlin Water during 
the period from April 1886 till March 1889,'’ Periodical for Hygiene, etc., vol. ix. 
Proskauer **On the Quality of the Berlin Water during the period from April 18S9 
till Octol)er 1891,” Periodical for Hygiene, etc., vol. xiv. 

t Verbal Report of the Information given by the Manager of the Waterwork. 
Compare Periodical for Hygiene, etc., vol. iz., page 12 j ; vol. xiv., pages 264 and 
the following. 
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square metres in area, that is, almost ten times the size of 
the Altona ones. The future must teach whether it is possible 
to free such large filters of ice and clean them so quickly that 
the surface of their sand does not freeze. In the iight of pre- 
vious experience this seems to me hardly practica'ble. 

Winter, with its periods of frost, is not the only enemy of 
filtration. In summer also periods occur* in which it is 
hardly possible to keep the filters in good working-order. 
This happens when the water becomes rich in microscopic 
plants, and the consumption at the same time reaches its 
maximum. The vegetable micro-organisms have for the 
most part slimy integuments, which quickly stop up the 
pores of the filter, and can make it unable to perform its 
function in a few days. The increased consumption of water 
in summer does not allow the filters to rest long enough after 
being cleaned ; they are worked too early, and at too rapid 
a rate, and the water they give is insufficiently cleansed in 
proportion. 

P'ortunately such disturbances, which occur frequently 
enough in almost all filter-works, do not always cause 
dangerous epidemics. The presence of infectious matter in 
the unfiltered water must happen to be simultaneous with the 
insufficiency of the filter-work, in order to bring about such a 
disaster. And then it is not the whole work that is defective, 
nor all the water that goes uncleansed through the filter ; as 
a rule, only one or a few of the filters are at fault, and per- 
form their function badly for a time. Even in the most 
unfavourable case, then, a filter-work allows only a part of 
the germs of infection to pass through. But that even these 
may suffice to cause epidemics is proved by the epidemics of 
enteric fever in Altona, the epidemic of enteric fever caused 
by the water of the Stralau waterwork in Berlin in 1889,! 
and the cholera-epidemic in Altona during the first two 
months of this year. 

* Piefke*s Communications on Natural and Artificial Sand-Filtration,” 
Berlin, 1881, page 9. 

t “Experiments to Test the Efficiency of Sand-Filtration,” by Frankel and 
Pieike, Periodical for Hygiene, etc., vol, viii. 
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It has been already mentioned that the filtration of the 
Altona waterwork had been insufficient for a while so early 
as the first week of December. At that time Hamburg had 
been free of cholera for weeks, and the first isolated cases of 
the after-epidemic were just occurring ; three cases occurred 
between the 5th and the 12th of December. There was 
therefore still a lack of infectious matter in the. Elbe water, 
and for this reason the defective filtration was not followed 
by bad consequences for Altona. Meanwhile, however, the 
little after-epidemic in Hamburg developed (27 cases between 
the 19th and the 28th of December), infectious matter got 
into the Elbe, and when, towards the end of December, the 
disturbance of the Altona filter-works which I have described 
in detail set in, the germs of infection were sj)rea(l over the 
city, and caused several scattered cases, of the introduction of 
which from elsewhere there was no evidence. Considering 
the small number of cholera-cases in Hamburg, the infecting 
of the Elbe water cannot have been more than slight ; it 
seems too that only two of the filters were out of order, and 
to this circumstance it is to be ascribed that the outbreak of 
cholera in Altona was restricted to small dimensions, and soon 
ceased when the filter-work was put in order. Had Hamburg 
furnished more infectious matter, and had the disturbance in 
the working of the filters lasted longer, the epidemic would 
probably have assumed quite other dimensions. There would 
then have been reason to fear too that in Altona, the sewage 
of which also goes into the Elbe, a circulus vitiosus would 
develop, by means of which the cholera might survive the 
winter there, a result which had to be prevented by all 
possible means. 

That infectious matter went from Hamburg into the Elbe 
is by no means a mere hypothesis, for, as has been mentioned 
in a previous communication,* cholera-bacteria were found in 
the water of that river. They were found in it not far below 
the mouth of the Hamburg main sewer. They were found 

* ** On the Present State of the Bacteriological Diagnosis of Cholera,” Peri- 
odical for Hygiene, etc., vol. xiv. 
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also in the water of one of the two settling-tanks of the filter- 
work, that is, immediately before filtration. In the filtered 
water, indeed, they were not found, but they would probably 
have been found in it too, if much larger quantities of the 
water had been examined. • 

These are the facts I have to report concerning the relations 
between the filtration of water and cholera, with special 
reference to the Altona and Nietleben epidemics. The 
question now is what lessons we have to learn from them 
for the future. 

The numerous and thorough investigations which have 
been made for some years past at the Berlin and Altona 
waterworks with regard to the process of filtration, and the 
bacteriological condition of the water before and after filtra- , 
tion, had led to the conviction that the filtration-rate of lOO 
millimetres an hour affords a sufficient guarantee for the 
satisfactory working of a filter-work. Further experience of 
those water-works, however, has shown that we do not gain 
very much by simply making this demand. For, with the 
now existing arrangements, most waterworks will not be able 
to fulfil it, and in point of fact they do not fulfil it. The 
principle must nevertheless be adhered to, that in future also 
a filtration-rate of lOO millimetres must be the first condition, 
but we must formulate our demand in more precise terms, 
and so far supplement it that the purpose aimed at may be 
attained with certainty. This is effected by the following 
somewhat extended demands : — 

1. The filtration-rate of loo millimetres must not be ex- 
ceeded. In order to render this possible, each filter must 
be provided with a contrivance by means of which the motion 
of the water in the filter may be restricted to a certain rate, 
and by means of which also it may be ascertained at any 
moment whether this rate is observed or not. 

2. Each filter-basin, so long as it is at work, must be 
bacteriologically examined once a day. It must therefore 
have an apparatus enabling one to take specimens of the 
water immediately after its leaving the filter. 
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3. Filtered water containing more than 100 germs capable of 
development per cubic centimetre must not be allowed to enter 
the pure-water-reservoir. The filter must therefore be so 
constructed* that insufficiently cleansed water may be removed 
without mixing ^^ith the well filtered water. 

To these sentences I have some further remarks to add. 

Strictly speaking, the two last demands would alone suffice 
to avert the danger of the infecting of filtered water, so far as 
is possible with sandrfiltration at all. But it seems to me 
questionable whether the demand of the daily bacteriological 
investigation of each filter is always to be insisted upon. If, 
owing to good construction and skilful treatment, a water- 
work regularly yields good results, the strict exercise of 
bacteriological testing could be restricted to times of danger, 
that is, to times of maximum-consumption of water, periods 
of frost, and when epidemics seem imminent ; in the intervals 
a less elaborate testing, say the examination of the collected 
water every three days, would suffice.* For the times of less 
strict bacteriological testing, however, a guarantee for the 
regular working of the filters must be given by strict limita- 
tion and testing of the rate of filtration. As yet only a few 
waterworks possess apparatus for this purpose. The rate of 
filtration is generally calculated by ascertaining the proportion 
of the water filtered in 24 hours to the area of the filter. But 
everybody who knows the ordinary working of waterworks 
knows also that the demands made upon them in the course 
of 24 hours vary very considerably. At certain hours of the 
day very much water is consumed, at night, on the other 
hand, little. Unless the reservoir is large enough to balance 
these inequalities, this is effected by changes in the rate of 
filtration. The statement, then, that a waterwork filters at 
the rate of 100 millimetres, if based on the calculation indi- 
cated above, has but a very conditional value. 

If the bacteriological testing of the filtration of water is to 

* The weekly bacteriological investigation of the collected filtered water, now 
usual where the water is bacteriologically examined at all, is to be regarded as 
insufficient under all circumstances. 
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be carried out on a large scale, it must yield results in the 
shortest possible time. To this end it is advisable to keep 
the gelatine plates in the incubator at a temperature of 22 
degrees centigrade, just as in cholera-investigafions. The 
time of investigation may perhaps be still further considerably 
shortened by using agar plates at 37 degrees. In this connec- 
tion I refer the reader to what I have written regarding the 
improved bacteriological diagnosis of cholera. 

The opinion that filtered water containing more than 100 
germs is not sufficiently cleansed has been completely justi- 
fied by the experience of the Altona waterwork, which is 
confirmed by that of other works. Of course this statement 
is not to be understood to mean that water containing loi or 
105 germs is to be rejected without more ado. Each case 
must be intelligently judged of by itself, and the number 100 
is merely intended to afford those called upon to form such 
judgments a basis founded on experience. 

It is, strictly speaking, a matter of course that every filter 
must be provided with apparatus for the removal of insuffi- 
ciently filtered water. Nor should I have expressly formulated 
this demand, if there were not still some filter-works which 
do not possess such apparatus. It is high time that this ex- 
tremely dangerous defect be everywhere remedied. 

Special prescriptions as to the cleaning and filling of the 
filters, the limit to which the sand layer may be allowed to 
waste, the removal of the first water after the putting on of 
new sand and after each cleaning, are not necessary, if the 
working of the filters is subjected to regular bacteriological 
testing, and the water which must according to the result of 
the bacteriological examination, be regarded as inadequately 
filtered removed. In this case the question whether in our 
climate open filters should always be replaced by covered ones 
may also remain undiscussed. It is the manager’s affair to 
take care that the filtered water always fulfils the bacterio- 
logical demands. That construction and that treatment of 
the filters which yield the water freest of germs will always 
be the best. If, therefore, arrangements be discovered which 
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render it possible to filter well with open filters in periods of 
frost, the open filters may continue to be used ; if not, they 
absolutely must make way for covered ones. Each water- 
work will have to construct its own rules with the help of 
bactcriologiSal investigation ; especially it will have to find 
out how long its unfiltered water requires to form a good 
filtering mud layer, how much water must remain unused 
after the cleaning, owing to its containing too many germs, 
how far the sand layer may be allowed to waste, etc. It is 
also the manager’s business to ascertain the best remedy, if, 
as so often happens, too great demands arc made on the 
waterwork, and regular filtrjition is thus rendered imprac- 
ticable. In one case the only remedy will be the enlargement 
of the waterwork, in another the prevention of waste by the 
introduction of water-metres may suffice. All this, as 1 have 
said, may be left to the waterwork itself, if only it binds 
itself always to provide a bacteriologically sufficient water. 
In all cases, however, in which the bacteriological testing 
of a waterwork is declined, it will be absolutely necessary, in 
order to prevent mischief, to subject the work to the most 
vigilant supervision with regard to all the sources of defect 
alluded to above. But who is to undertake this supervision ? 
Only the state can do it. And it not only can, it must, it 
is its duty. How many things docs it not supervise already ? 
Apothecaries’ shops, hospitals, steam-boilers, factories with 
their contrivances for the protection of operatives, etc. all 
stand under state-supervision, in order to prevent injury to 
a few individuals by unskilfulncss and negligence. But, if 
an accident happens to a waterwork, it is not a few indi- 
viduals that are endangered, but the health and lives of thou- 
.sands. Now that this conviction has inexorably forced itself 
upon us, we cannot possibly leave these things any longer to 
themselves, waiting till still more misfortune is wrought 
perhaps by cholera than in Hamburg and at Nictlebcn, or 
by enteric fever than in Altona and Berlin. It is high time 
to exchange the waiting attitude for that of energetic in- 
terference. 
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Our hitherto almost blind confidence in the filtration of 
water has been considerably shaken by the occurrences that 
have been discussed above. In future, therefore, when water- 
works have to be constructed, it will be necessary to inquire 
whether it will not be better to choose other watdr instead of 
filtered surface-water. Almost the only substitute for surface- 
water that could be thought of in former times was spring- 
water ; the use of underground water, as several unsuccessful 
attempts had taught, being unadvisable, owing to the iron it 
contained. But the question just raised has entered on a new 
stage of late, as it is now possible to remove the iron from 
underground water in a simple and inexpensive manner by air- 
ing and filtration. Thus a far superior rival has begun to con- 
test the field with surface-water, and it seems that, thanks to 
this improvement, the old prejudices against underground 
water are disappearing more and more, for the number of 
places that have supplied themselves with such water has con- 
siderably increased of late. The first works of this kind were 
those of Halle, Leipsic, Dresden, and Charlottenburg. Their 
example has been followed by Norderney, Kiel, Bonn, 
Cologne, Elberfeld, Dusseldorf, Mannheim, Dortmund, Miil- 
heim, Oberhausen, Barmen, Kothen, Krefcld, Linz, Pressburg, 
Pesth, and other towns.* 

So far as the danger of infection is concerned, underground 
water affords absolute safety, and should therefore, if procur- 
able in sufficient quantity, and not open to objection on 
account of chemical qualities, such as too great hardness or 
too large content of chlorides, always be preferred to surface- 
water. 

I even think it desirable, and in certain cases necessary, that 
already existing works which filter river-water should be con- 
verted into works for the procuring of underground water. I 
should like to explain myself on this subject by reference to 
a definite example. 

The Berlin waterwork outside of the Stralau Gate is in 

* Salbach's " Report on the Experience made with Waterworks supplied with 
Undeiiground Water during the last Twenty-Five Years,” Dresden, 1893. 
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veiy unfavourable circumstances. At the time when it was 
built, the Spree, at the place where the water is taken, was 
exposed to comparatively harmless pollutions. In course of 
time, howe^r, a material change has taken place in this 
respect. THe city has spread far and wide up the river 
beyond the watervvork, so that the latter is now within its 
precincts. The water from a part of the sewage-fields in the 
north of Berlin flows into the Spree not very far above the 
waterwork ; the river-traffic is much larger than it used to 
be ; above the work lies Kdpenick, with numerous washing- 
establishments. If one takes all this into account, one will 
hardly think the Spree water at the place where it flows into 
the waterwork better than the Elbe water below Hamburg. 
The construction of the work is faulty in scveriil respects, in 
judging of which, indeed, it must not be forgotten that it is 
the oldest filter-work on the Continent. Of the diflicultics it 
has to contend with in winter, owing to its open filters, I have 
already spoken by the way. Moreover, the demands made 
on it in the course of the year, nay even in the course of a 
day, are so unequal that its small reservoir cannot balance 
the great fluctuations, and that consequently a definite rate 
of filtration cannot possibly be maintained. If the work 
were not under the admirable management of the engineer 
Piefke, who has proved his ability equally in .science and in 
practice, the enteric-fever-epidemic of 1889 would probably 
not have been the only one. The Waterworks-Department, 
in just recognition of the extremely dangerous situation of 
this waterwork, has taken care to have it replaced in time by 
another with covered filters on the MUggel Lake. This new 
work is to be started on the ist of July next, and the Stralau 
vrork is to be stopped on the same day. Doubts have been 
raised, indeed, whether it will be possible to dispense with 
the Stralau work so soon. Should these doubts prove well 
founded, the case which I have here in my eye would happen. 
I do not believe that, if the danger of cholera should threaten 
us again at this time, anyone will have the courage to accept 
the responsibility for the continued working of so dangerously 
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situated a waterwork. Then there would remain no other ex- 
pedient than to take less dangerous water, — if possible, water 
quite free of danger, — instead of that of the Spree ; and the 
only possible substitute would be the underground water. 
Fortunately the Stralau waterwork is as favourably situated 
for the use of such water as it is unfavourably situated for 
that of the river-water. Former investigations* of the 
ground in the neighbourhood of the waterwork showed that 
there is an extensive bed of gravel there, uncommonly rich in 
water, at a depth of about 15 metres. A well I’S metre in 
diameter, sunk into this layer of gravel by way of experiment, 
yielded 3000 cubic metres of water daily for a considerable 
length of time without the least abatement of its copiousness. 
This water was found to contain iron, but it was in great 
part out of the experiments with the water of this well that 
the method now used for ridding underground water of iron 
grew. It may therefore be relied on with certainty that it 
will be possible to free this water of iron. If the stream of 
underground water in that district were tapped by a sufficient 
number of wells, it would easily furnish as much water as the 
engines of the Stralau work could deal with. In order to rid 
the water of iron, it must be aired and then freed of the 
eliminated iron by filtration. The erection of an airing work 
would therefore be necessary. For filtration, on the other 
hand, no new work would be needed. This filtration is quite 
different from that which aims at freeing surface-water from 
micro-organisms. The flaky precipitate of ferric hydrate 
which separates itself from ferruginous water after airing is 
retained by pretty coarse sand or even by gravel, and at a 
very rapid rate of filtration. For this purpose the three 
covered filters of the waterwork would amply suffice ; the 
open ones could be disused, and disturbances during winter 
would no longer have to be feared. I believe I have thus 
shown that this waterwork, which now furnishes water of 
doubtful value, could thus, with comparatively slight altera- 

* Piefke's '* Communications on Natural and Artificial Sand-Filtration,** Berlin, 
1S81. ** Soil-Filtration,” Berlin, 1883. 
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tions, be transformed into one which would give equal quan- 
tities of faultless water. 

• Several other waterworks known to me are in similar cir- 
cumstances, and could be improved on the same principles. 


In order to discuss the relations of the filtration of water to 
cholera as exhaustively as possible, I must add a few words 
on artificial and natural filtration on a small scale, in contrast 
to filtration on a large scale, which I have been discussing 
hitherto. 

For artificial filtration on a small scale, that is, for the 
wants of a family or a house, small filters of the most various 
construction arc to be had. Not many of these rid water of 
micro-organisms, including infectious substances, and those 
which do, — for instance, those made of infusorial earth, 
argillaceous earth, asbestos, or cellulose, — keep germ-proof 
only for a few days, very soon deteriorate as regards quantity 
of yield, and require very careful treatment. No small filters 
are known to me which would suffice for practical purposes 
for a length of time, and I should not advise anyone to rely 
on small filters in cholera-times. 

Natural filtration is a much better safeguard. When rain- 
water penetrates into the ground, and finally becomes under- 
ground water, it passes through much thicker layers, and at 
an infinitely slower rate, than river-water in artificial filtratioti 
through sand filters. If only the soil in question is fine- 
grained enough, soil-filtration is a very much more perfect 
process than artificial filtration. As a rule the soil consists 
of a much finer-grained material than the rather coarse- 
grained filter-sand, and it was therefore to be expected that 
underground water which had passed through sufficiently 
thick layers of fine-grained soil would be very poor in micro- 
organisms, or even free from them. This conjecture is 
confirmed by the investigations of C. Frankel, who has 
proved that underground water, even in a soil the surface 
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of which has long been strongly polluted, as is the case in 
Berlin, is absolutely free of germs. In other places also the 
same observation has been made. We have therefore no 
reason whatever to exclude the underground water, found 
almost everywhere, from use, even in inhabited places. On the 
contrary there is no water better filtered and consequently 
better protected against infection than underground water. 
All that is necessary is to make this most perfectly purified 
water so accessible for use in such a manner that it cannot be 
polluted and infected after purification. But it is inconceiv- 
able how grievously people everywhere still sin in this respect. 

If one raises underground water by means of iron tube- 
wells, the possibility of any after contamination is excluded. 
The soil clasps the tube so tightly that no real disturbance 
of the filtering layers of earth is effected by the well. All 
fluids, even the most strongly polluted, must, before they 
penetrate to the depth from which the water is raised, pass 
through thick and effectively filtering layers, in which they 
are freed from infectious substances with absolute certainty. 
This may be especially relied upon when the well-tube is 
driven through an upper impermeable layer into deeper 
water-bearing strata of sand or gravel. Water got from 
such depths, it is true, will almost always be ferruginous. 
But this is just as little a reason for rejecting it in the case 
of single wells as in the case of large waterworks. All that is 
necessary is to free the water of iron on the principles already 
stated, that is, by airing and filtration ; it will then be of first- 
rate quality, not inferior to the best spring-water. For this 
purpose the process described by Piefke,* which has been 
used with very good results in Hamburg in the case of a 
number of wells with strongly ferruginous water, is to be 
recommended. 

Decidedly the most rational way of getting undei^round 
water is by means of iron tube-wells. It has, indeed, been 

* Piefke’s article **On the Utilisation of Ferruginous Underground Water for 
the Supplying of Towns " in Schilling’s Journal for Gas-Lighting and Water- 
Supply, 1891. 
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objected that the supply they furnish gradually diminishes. 
Where this has been observed, the reason has almost always 
been that the metal sieve, intended to protect the tube against 
the intrusion*of sand at its lower perforated end, was choked 
‘with mud or*incrusted. It will be easy to remedy this, how- 
ever, if the lower part of the tube is so constructed that the 
metal sieve can be changed when necessary. 

Unfortunately metal tube-wells arc still much too little 
used, and underground water is procured almost everywhere 
in the old but most irrational fashion by means of tank-wells. 
Such wells are so constructed that, if the bottom of the well 
is deep enough, and lies in soil that filters well, only well 
filtered water gets into the well from below, that is, from the 
underground water. But from above the well is almost 
always exposed to the most dangerous pollutions. Very 
often such wells are quite open, or but scantily covered ; but, 
even if they are closed above by masonry, or even iron plates, 
chinks and rents always form in the uppermost layers of soil 
surrounding the well, which dry up in summer and are ex- 
posed to frost in winter, and these chinks and rents allow 
unfiltered water to enter from above. Masonry and even 
cement-work arc loosened and torn by the same influences, 
and do not keep ofif the water which flows to the well from 
the surface of the soil. But just this water may be most 
foully polluted. The well-water itself is used at the well for 
washing linen, cleaning chamber-pots, and similar purposes. 
Thus contaminated and possibly infected, it flows by the 
shortest way it can find through chinks and rents in cover 
and walls back into the well-tank. Besides, wells generally 
lie deeper than the surrounding ground. Consequently the 
filth of overheaped dunghills, gutters, etc., flows to them ; the 
rain too washes the dirt deposited round human dwellings, 
often from a considerable distance, into the wells. This is 
evidently the reason why epidemics, emanating from wells arc 
observed most frequently after heavy showers of rain. A n out- 
break of cholera in Altona, in the environs of a well into which 
filth had got from above, furnishes a proof that cholcra<infection 
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also may emanate from a tank-well contaminated in this 
manner. I shall have to report on this case in another 
place. See p. 93. 

Tank-wells, no matter how constructed, must*no longer be 
tolerated in future, if they are exposed to pollutions of the* 
kind I have described, or even if there is reason to suspect 
the possibility of such contamination. 

It will not be easy, indeed, to effect the simple abandon- 
ment of already existing tank-wells, however badly constructed 
and dangerously situated. But that is not always necessary. 
It is generally possible to alter a tank-well by comparatively 
simple means, so as to exclude all danger of contamination 
from above. It is only necessary to give it, in the shape of 
effectively filtering layers of soil, the same protection against 
contaminating influxes as the simple tube-well possesses, or 
at least a protection approximately equal to that. To this 
end one can fill the well-tank up to the highest water-level 
with gravel, and lay fine-grained sand over it up to the brim 
of the well. It is of course presupposed that the well has an 
iron pump-tube, or, if not, is provided with one before being 
filled up. By these means a tank-well can be converted into 
a tube-well, and it has even one advantage over an ordinary 
tube-well, namely, that its lower end dips into a layer that 
offers hardly any resistance to the underground water. If it 
is necessary to preserve the tank of the well with its store of 
water in order for instance always to have a certain quantity 
of water at disposal for fire-quenching purposes, a structure 
of masonry or of iron girders, able to bear the protecting 
covering of sand, must be laid over the highest water-level. 
The sand-covering, however, must not be less than two 
metres thick. It is very advisable too not to erect the pump 
immediately over the well, but at a suitable distance from it; 
and to connect it with the well-tank by means of a lead pipe. 
This prevents the water of the well which is polluted beside 
the pump by rinsing and washing from oozing into the 
ground too near the well. 

Wells protected in this or in a similar way by effectively 
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filtering layers afford the same security against the infecting 
of water as the sand-filtration of the large waterworks, nay, 
strictly speaking, a still greater security, as they arc not 
exposed to the numerous above-mentioned disturbances, and 
especially ndt endangered by frost. 

People are now everywhere endeavouring to perfect the 
supplying of water on a large scale to the highest possible 
degree, but they should direct their attention to the procuring 
of water on a small scale also, and seek to limit the spread of 
cholera to a minimum, so far as it depends on water, by im- 
proving wells in the manner I have indicated. Just in this 
respect a great deal still remains to be done. 



The Cholera in Germany during the Winter 
of 1892-93. 


In the second half of October 1892 the great cholera- 
epidemic which had raged in Hamburg since the i6th of 
August seemed ended ; and, as all the centres of infection, of 
which Hamburg was the source, were also extinct, one was at 
liberty to hope that, so far as Germany was concerned, the 
danger of cholera was over for the time. This hope, however, 
proved deceptive, for an after-epidemic broke out in Ham- 
burg soon after, which restricted itself, indeed, to very small 
dimensions, but Jigain gave occasion to several transmissions 
of the pestilence, which caused more or less violent outbreaks 
of cholera in Altona and in the asylum at Nietlcben near 
Halle. At the instance of the Prussian Ministry of Religious, 
Educational, and Medical Affairs, the Institute for Infectious 
Diseases has under my guidance made these two last-men- 
tioned epidemics the subject of the most thorough investi- 
gation possible, which has led to several not unimportant 
results, and of which I shall therefore give a minute descrip- 
tion here. 

The outbreak of cholera in Altona is so closely connected 
with the after-epidemic in Hamburg, and the latter presents 
some features which bear so directly on what I have to say, 
that I must say a few words about this after-epidemic first. 
We may expect a minute description of it in the official report 
which Professor Gaffky of Giessen is preparing at the instance 
of the imperial authorities. 
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I. The After-Epipemic in Hamhuiu;. 

The first epidemic had begun on the i6th of August 1892, 
and might be regarded as ended on the 23rd of October. 
Isolated cases occurred, however, so late as the 9th and nth 
of November.* The number of cases during this epidemic 
was 18,000, that of the deaths 8200. The beginning of tlic 
after-epidemic may be dated the 6th of December. The 
last case belonging to it was ascertained on the 4th of March, 
the second-last on the nth of February. This second epi- 
demic numbered only 64 cases and 18 deaths. ’ If wc Icjive 
the two isolated stragglers of the first and the last case 
of the .second epidemic out of account, we find that both 
had an almost equal duration of somewhat more than two 
months. Hut what a tremendous diflcrcnce in the intensity of 
these two epidemics, despite the .agreement as regards their 
duration ! 

One might suppose that the time of the year had an 
influence, and that the summer epidemic was favoured by 
the high temperature, and therefore attained so large dimen- 
sions, whereas the winter epidemic was hampered in its 
development by the prevailing cold. Hut this ex])lanation 
falls to the ground, if wc consider that in the coldest period 
of the same winter the low temperature was unable to pre- 
vent an outbreak of cholera at Nictlebcn in which the 
proportion of the sick to the healthy was much higher than 
in the summer epidemic in Hamburg. The history of earlier 
cholera-epidemics also shows that the mOst violent outbrc.'iks 
occasionally occur in winter. In this case therefore one 
cannot regard difference of temperature as an essential factor. 
Just as little can it be maintained thcit Hamburg had been 
thoroughly attacked by the first epidemic, and, in virtue of 
a kind of immunisation, no longer offered material for more 
than a slight after-epidemic. Though I agree with explana- 
tions of this kind in general, I should like nevertheless to 
point out, as regards the case in question, that on several 

* Reincke, **The Cholersi in Hamburg,” German Medical Weekly, 1893, Nos. 
3 and 4. 



66 The Cholera in Germany during the Winter of 1892-93. 

former occasions Hamburg suffered from considerable succes- 
sive epidemics within a single year, and that this is not to 
be wondered at, because its population fluctuates much. Add 
to this that a large number of the inhabitants fcad left the 
city at the beginning of the epidemic, and thdt, on their 
return in October, these fugitives brought the city a not 
inconsiderable quantity of unattached material, without any 
consequent increase of the epidemic. 

Wc must therefore cast about for some other explanation 
of that striking phenomenon, and I believe that such an 
explanation may be given as follows : — 

I have already pointed out on a former occasion that 
cholera shows two quite different types in its outbreaks. One 
of these is marked by the explosive course of the outbreak. 
The graphic representation of such an outbreak gives a curve 
with its first leg rising steep and high, and its second fall- 
ing with almost equal steepness. The graphic representation 
of the second type, on the other hand, presents the appear- 
ance of a curve rising only a little above the base line. 
Hamburg shows these two types in its last epidemics in a 
quite extreme form. The curve of the summer epidemic has 
the appearance of a very high and sharp triangle with a 
quite short base, that of the after-epidemic rises so little 
above the ba.se that it almost coincides with it. 

The first type is produced by the sudden and equable 
strewing of the infectious matter over a place. The epidemic 
which then breaks out takes an explosive course, and its 
graphic representation forms a curve high and steep in pro- 
portion to the quantity of the infectious matter which has 
been, so to speak, sown out. This type of epidemic, however, 
is .subject to the conditions that the local distribution of the 
cases be somewhat equable, and that no immediate connection 
bebvecn them can be recognised. One must not, indeed, 
imagine the distribution to be quite equable and planlike, 
even when this type appears in its purest form ; for the 
sowing is hardly ever quite equable, and the soil on which 
the seed falls is not equally well fitted in all its parts to 
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develop the germ. Individual predisposition, cleanliness, ali- 
mentation, density of population, habits of life, etc. exercise 
an influence not to be underrated. An equable sowing, such 
as is presuJ)poscd in this type, can be eflected only by means 
of something that can act on all, or at least most of the 
inhabitants of a place simultaneously, such as air, water, soil, 
and means of nourishment. Hut neither air, .soil, nor means 
of nourishment have hitherto been proved to be the media of 
explosive outbreaks of cholera. Insects too, which have with 
good reason been thought of, arc out of the question here, for 
cholera-explosions are not very rare in the cold season, when 
transmission by insects is quite impossible. Small groups of 
cases may, indeed, be caused by infected articles of nourish- 
ment, and it is not to be denied that insects may play a part 
in such cases by carrying the infectious matter to such 
articles ; but the sudden infection of whole communities, such 
as we sec so often in the ca.se of cholera, cannot be explained 
in this manner. Only water then remains, and the fact that 
water can indeed be the bearer of the germ of cholera, not 
only for single groups in the population of a place, but for 
whole communities and even large cities, has been jiroved by 
former e])idcmics, and once more with quite sj)ecial con- 
clusivcncss by the outbreaks of cholera in Hamburg, Altona,’ 
and Nictlcben. Hut ju.st this opinion that the infectious 
matter is carried by water has been objected to on the ground 
that the distribution of the disease in such epidemics was too 
unequal ; the infected water, say the objectors, goes into all 
dwellings, and yet one finds hou.scs and even whole streets 
in the districts supplied with such water which were little or 
not at all attacked by cholera ; whereas, if the water had been 
the cause, all the persons who came in contact with it must 
have been attacked according to a certain percentage. Thi.s 
objection would be quite correct, if the virus of cholera were 
a quite equably distributed substance dis.solved in the water, 
if all the persons in question had drunk exactly equal 
quantities of it, and if the susceptibility to the virus were 
equally great in all persons. But we know perfectly well 
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that not one of these conditions was fulfilled. There is not 
the shadow of a doubt, and this has always been emphasised 
by bacteriologists especially, that individual predisposition 
for cholera varies greatly. It seems also hardly i^eccssary to 
point out that the possibility of infection by water must vary 
as much as the relations of different persons to water vary. 
One person drinks no water at all, he comes into contact 
with it only indirectly through its use in housekeeping, and 
he is therefore proportionally less exposed to the danger of 
infection than another who drinks water. But, as regards the 
latter too, it is not indifferent whether he drinks much or 
little water, at what time he drinks it, whether with a full or 
an empty stomach, whether the functions of his stomach and 
intestines are in order at the time or not, whether excesses 
have been committed, etc. The distribution of the infectious 
matter, that is, the cholera-bacteria, in water is also to all 
appearance not such as many suppose. The most recent 
bacteriological investigations * show that the cholera-bacteria 
exist in considerable quantity in infected water perhaps only 
exceptionally, and it is therefore by no means necessary that 
every drop or every mouthful of infected water contain 
cholera-bacteria. It is also very doubtful whether they are 
from the first quite equably distributed in water, and whether, 
if they are, they remain so. It is easy to believe that, like 
other bacteria, they occasionally get attached to solid objects, 
the inside of a water-pipe for instance, especially when the 
motion of the water is temporarily or permanently slackened. 
They may then perish at the place to which they have 
attached themselves; but, under more favourable circum- 
stances, they may also multiply, or be swept away by stronger 
currents. In general the unequal motion of the water in a 
system of water-conduits must exercise a considerable in- 
fluence on the forwarding of the cholera-bacteria, and may. 
alone bring it about that in one range of pipes many, in 
another few cholera-bacteria are washed into the. attached 
houses. If, further, the houses supplied by the latter range 
* The Periodical for Hygiene and Infectious Diseases, vol. xiv., page 336. 
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happen to be inhabited by well-to-do people, who, in virtue of 
their habits of life, offer few points of attack to cholera, it 
may happen that whole rows of houses, nay even streets, arc 
spared by 4 he disease, without our being entitled to regard 
the fact as a proof that the water is not infected. 

The same question which is occupying us here lijis been 
discussed already in former times, and it may not be super- 
fluous to remind the reader of what Farr* very justly 
answered to those who disputed that the cholera which broke 
out in the district supplied by the East London waterworks 
in 1866 was caused by the infecting of the water. It was 
not yet possible at that time to demonstrate the insufficiency 
of the purification of the water in the filters by bacteriological 
investigation, but there was a circumstance which j)rovcd that 
the filtration must have been temporarily defective. In the 
water that flowed from the pipes in a number of houses eols 
had been found, which furnished an unambiguous proof that 
unfiltercd water had got into the pipes.f Farr concluded 
that the virus of cholera had got into the water-conduits and 
through them into the houses by the same way as the fish 
from the river Lea, which was strongly contaminated with 
fleces. His opponents answered that there hatl been no 
cases of cholera in many of the houses which got their water 
from the East London waterwork, and that therefore the 
water could not have played a part in spreading the pestil- 
ence. Farr’s answer to this objection ran as follows: — 

“ Eels, as we have seen, were found in the water of a 
certain number of houses in East London. To argue that 
in hundreds of other houses no cels were found, and that 
therefore the company never distributed cels in the district, 
would be absurd. The fallacy of such reasoning is trans- 
parent. It assumes the form : — if no eels are found in the 
waters of a certain number of houses, none exist in the 

* Report on the Cholera- Epidemic of 1866 in England,'* London, 1868, {jage 

XXX. 

t The examination of the workmen and engineers of the waterwork showed 
that unaltered water had really been repeatedly pumped into the conduits. See 
Farr's Report, page xxii and the following pages. 
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waters of any houses. As the eels are limited in number, 
they cannot be distributed universally ; and the fact that 
they were discovered in one house and not another would 
depend on laws and circumstances so intricate as to make 
the ascertained distribution anomalous, but not necessarily 
more anomalous than the distribution of the lower forms 
of organised matter, to which the phenomena of cholera in 
man are due.” 

The second type of cholera is distinguished from the first 
not only by the form of the curve but also by some other 
characteristic qualities. The distribution of the cases is not 
equable ; well marked foci form, in which the disease nestles. 
Nor do many cases suddenly occur at such a focus ; on the 
contrary they follow one another, form chains as it were ; 
and a direct connection can very often be detected between 
the several cases of the focus. One person for instance, who 
has come from some other place, falls ill ; a few days later a 
member of the family in which the patient was nursed ; then 
in rapid succession, but often also at considerable intervals, 
other members of the family, inhabitants of the same house, 
neighbours, persons who visit the house, etc. The infection 
may be carried from the first focus, and new foci formed in 
other parts of the city, or in neighbouring places, where new 
chains of successive cases form larger or smaller groups. 

Here too one must not demand that each individual link 
in the chain of cases be distinctly recognisable. It is im- 
possible to lay bare the intercourse of human beings in all 
its finest ramifications, and to find out every person who has 
come into direct or indirect contact with a cholera-patient If 
cholera-cases were from the first of so severe a nature that 
they must all come to the knowledge of medical men, the 
power of the cholera-patient to infect another would cease 
as soon as his attack was over; and, if the infection were 
effected only by immediate contact, it would indeed be pos- 
sible, notwithstanding the complex relations of human inter- 
course, to ascertain the individual links of the chains, with but 
few exceptions, with the aid of bacteriological diagnosis. 
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But we know now that some cases of cholera arc so mild 
that they generally escape recognition ; we know also that 
the attack of cholera, strictly so called, is only the most 
striking part of the illness, and that the infectious matter may 
be contained in the evacuations of the patient both before 
and after it, that is, at a time when his intercourse with others 
is not yet or no longer regarded as dangerous. Finally, it 
must also be taken into account that the transmission by no 
means always emanates directly from the patient, but is much 
more frequently effected indirectly by means of linen, clothes, 
bed-clothes, articles of nourishment, insects, etc. If one con- 
siders all this, one will certainly find it explicable that in a 
thinly sown rural population, with communications of little 
complexity, the connection between the cases is pretty com- 
pletely discovered, but that in large towns and cities it is only 
now and then possible to detect the mutual relations of the 
links in so manifoldly intertwined and often ramified a chain. 
Another circumstance which renders it specially difficult to 
get a general view of this kind of cholera-propagation is that 
it restricts itself almost exclusively to the lowest densely 
crowded and constantly fluctuating strata of the i)()pulation, 
attacking the better situated classes only here and there. 
And yet this type of cholera is pretty easily recognised by 
the focal grouping of the cases at single spots. On careful 
inquiry one always finds in such cases cholera-nests, in which 
the bringing of the disease from another place, and the 
further spreading round step by step arc distinctly evident. 

It would be a mistake, however, to suppose that cholera 
must always assume one or other of these two types, for it is 
obvious that both may be, nay often must be, combined. It 
is especially frequent that the first type, which generally 
appears uncombined at first, combines in the course of its 
development with the .second type, and finally lo.ses it.sclf 
entirely in it It also happens that a local epidemic begins 
with the second type, retains it till the infectious matter 
accidentally finds its way into the water, and then causes 
little circumscribed explosions, varying according to the 
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nature of the water-supply, or suddenly infects a whole dis- 
trict or even, under certain circumstances, the whole place. 

It is also necessary to mention that the form of the cholera- 
curve alone is not decisive as to the type. Evei| in the case 
of a water-epidemic the curve may remain very low, if the 
sowing of the cholera-bacteria by the water is very sparse. 
On the other hand it is not impossible that numerous and 
almost simultaneously originated foci may give the curve a 
form approaching more or less nearly to that of the first type, 
so that the second type may assume the external form of the 
first. The fact is that, in judging of cholera-epidemics, one 
must not, if one wishes to avoid errors, fall into the mistake 
of schematizing, but must examine each local epidemic by 
itself, in order to be able to decide how much of it belongs to 
the one type, how much to the other. The present epidemic 
has given us uncommonly instructive examples in this 
respect. 

The Hamburg summer epidemic, for instance, belonged 
exclusively to the first type at first. From the very begin- 
ning the cases were without connection, and pointed at first 
to the harbour as the sole source of infection. Owing to the 
connection of the Hamburg water-supply with the Elbe, and 
indirectly with the harbour, a general explosion was even 
then to be feared, and unhappily this fear was not dis- 
appointed. Towards its end the epidemic passed into the 
second type. 

The Hamburg winter epidemic, on the other hand, main- 
tained the form of the second type almost pure during its 
whole duration. The tendency to form foci characterised it 
from the first. 

One of these foci had its centre in the Neustadt (New 
Town), a second in the district of Sankt Georg (St George), 
and the third in the suburb of Sankt Pauli (St Paurs). 
Whether all three foci were connected could not be ascer- 
tained, but it is not probable that this was the case, and 
that the disease was carried, for instance, from the first focus 
in the Neustadt to Sankt Georg and Sankt Pauli. It rather 
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^ems likely that the two first foci originated in undetected 
stragglers of the summer epidemic. The summer epidemic 
was ended, as already stated, on the 23rd of October. But 
cases of genuine cholera were ascertained on the 9th and 
lith of November, and they are not likely to have been the 
only ones. If, then, the after-epidemic began on the 6th of 
December, the interval between the two Hamburg epidemics 
was not more than four weeks at most, and, considering that, 
it is unnecessary to assume that the first case or cases of the 
after-epidemic came from elsewhere. Nor do I know where 
they could have come from, for the cholera was everywhere 
extinct at that time. 

Whether the Sankt Pauli cases may be regarded as a focus 
is open to doubt. It is extremely probable that some of 
them had their origin in Altona ; others were possibly con- 
nected with the focus in the Neustadt, so that but very few 
remain unaccounted for. 

It is a very characteristic feature of the after-epidemic that 
the patients belonged without exception to the lowest strata 
of the population. They were people without work and with- 
out homes ; drunkards living in beggars* inns and spirit- 
shops ; itinerant hawkers who sold matches, sausages, or the 
like, and whose trade led them too into such haunts ; sailors, 
dock-labourers, persons under police-arrest, etc. In all the 
cases except eight relations to persons who had suffered from 
cholera, and from whom the infection might have been 
directly or indirectly caught, were proved. This proof, in- 
deed, was due only to the extremely thorough investigation 
of each case by the sanitary police. A superficial int^uiry, 
such as used to be made under .similar circumstances, would 
certainly not have detected the connection, and a new 
apparent cholera- riddle would have been added to the many 
of former times. A common cause, such as the influence of 
the soil, the water, or the like, certainly did not exist in this 
epidemic. The water-supply was out of the question, for 
the district affected did not coincide, as in summer, with 
the sphere of the water-supply. The soil might have seemed 



74 Cholera in Germany during the Winter of 1892-93. 

open to suspicion, as the disease was restricted to certain 
localities. In this case too, however, the place could not be 
the decisive factor, but, on the contrary, the people resident 
on the place, for the disease always ceased the jmoment the 
patients and the suspected were removed. Had the infecting 
agent been inherent in the locality, fresh cases must have 
occurred, despite the removal of the infected persons, among 
those who freely visited the houses in question. The only 
remaining explanation is that the disease was transmitted 
from person to person, and this explanation is decidedly 
supported by the chain-like connection of most of the cases. 
It is always necessary, however, to bear in mind that cholera- 
infection differs entirely from that of small-pox, measles, etc., 
in which simple contact or even a short stay in the sick-room 
suffices to let infection take effect. Such immediate trans- 
mission happens only occasionally, and is to be assumed, 

I believe, only when several cases of cholera occur in suc- 
cession in one family at intervals corresponding to the 
period of incubation. Something of this kind happened in 
the Hamburg after-epidemic, in the course of which two 
families had four cases each. In all the other cases the 
infection seems to have been indirect, and all attempts to 
discover by what roundabout way the infectious matter got 
from one person to another failed. This entirely agrees 
with what has been obser\^ed in outbreaks of cholera on 
board ships for the transport of emigrants, pilgrims, or 
troops, in which, among people densely crowded together, 
and living under bad sanitary conditions, the disease dragged 
along in a loosely connected series of cases for weeks. One 
of the most characteristic instances of this kind is the 
cholera-epidemic on board the Italian emigrants’ ship “ Matteo 
Bruzzo,”* an instance so instructive that it ought not to fall 
into oblivion. 

Though water did not play the part of a general factor in 
the after-epidemic, its powerful influence as a propagator of 

* Conference for the Discussion of the Cholera Question [second year], German 
Medical Weekly, 1885, No. 37A, page 2i. 
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cholera was not entirely absent, for there is no doubt that it 
hz^d to do with the outbreak of cholera among the crews of 
two ships that lay in Hamburg harbour. 

The first pf these two ships was the Spanish steamer 
“ Murciano,” which lay at first at the Asia Quay, near a closet 
which is said to have been used by a Hamburg workman who 
was ill of cholera. On the 8th of January two of her crew 
had to be taken to a hospital as cholera-patients ; the rest of 
the crew were then required to leave her, and, on more care- 
ful investigation, four other cholera-cases were found among 
them. She was then taken to the Strandhafen (Heach- 
Harbour), where she was disinfected, and her frozen closets 
were thawed. There she lay beside the steamer “ (h etchen 
Bohlcn,” among the crew of which, consisting of negroes, 
cholera broke out on the 15th of January, just three days after 
the “Murciano’* had been laid beside her. From this ship also 
two persons were taken to the hospital severely ill, and four 
mild cholera-cases were detected only on further examina- 
tion. 

When the first cases occurred on board thc“ Murciano,” the 
first thought was that of immediate infection through the use 
of the above-mentioned closet. This assumption, however, 
was contradicted by the circumstance that six of the twenty- 
four persons of whom the crew of the ship consisted, and of 
whom it was not even certain that they had used the closet in 
question, fell ill at once ; whereas not a single case of cholera 
occurred among the numerous dock-labourers going up and 
down on shore, for whom also the closet lay convenient. It 
was much more probable that the infection had been caught 
not directly by using the closet, but indirectly by the flowing 
of its contents into the water of the harbour, w^hich was 
frequently used for drinking and cleaning in the ship. The 
quays of the Hamburg harbour have sewers, which are not 
connected with those of the city, but open into the harbour 
each at the end of its quay. All the liquid filth of these 
sewers, including the contents of the water-closets connected 
with them, flows into the Elbe, and is washed up and down 
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by the ebb and flow of the tide beside the ships lying at the 
quays. In this manner the contents of the water-closet in 
question, including cholera-faeces perhaps, may have got into 
the ship by a pretty short way through the n^dium of the 
water. 

Here we have to do with the very same circumstances 
which in all probability caused the cholera-epidemic in 
Hamburg harbour last summer. At that time it was the 
barrack of the Russian emigrants at the America Quay from 
which quite inadequately disinfected, or rather undisinfected, 
faeces, and water polluted by the washing of dirty linen, 
flowed through the sewer of the quay into the harbour. 
These tributes were by no means unimportant, for several 
hundreds of emigrants were arriving daily, who had to stay 
for several days in the barrack before they could be sent on. 
At the time when cholera broke out there consequently were, 
on an average, a thousand emigrants in the barrack, many of 
whom took advantage of the opportunity of cleaning their 
stores of dirty linen and clothes afforded them by the inter- 
ruption of their journey. The assumption that the Russian 
emigrants brought the cholera to Hamburg has been objected 
to on the ground that no cholera-cases occurred among them 
before the outbreak in Hamburg harbour. It is true that 
severe, clinically unmistakable cases of cholera were not 
observed among the emigrants, but does that prove that they 
brought no infectious matter of cholera with them ? A large 
number of them came from districts which were suffering 
severely from cholera ; and who can maintain, in view of that 
fact, that there were not mild cases among them, or con- 
valescents who had cholera-bacteria in their fmces for two or 
three weeks after recovery, or that there were no cholera- 
fsces among the bedclothes, linen, etc. which they carried 
with them in large quantities ? It would have been surprising 
if, under such circumstances, no infectious matter of cholera 
had been brought by such emigrants, and if, after it had once 
found its way into the emigrants* barrack, from the barrack 
into the sewer, and from the sewer into the harbour, the 
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harbour-population had not been infected. Hamburg 
harbour, with its arrangements as they then were, formed 
an uncommonly vulnerable point of attack for the threaten- 
ing cholera-irnyasion, and cholera could not but gain a footing 
there, if any unfortunate accident offered it an opportunity. 
The attempt to prove that the infection was brought from 
some other source, — from French ports for instance, — has 
failed, and there is no alternative but to lay the blame on 
the emigrant-traffic, which, as has been shown, offered (wer- 
abundant opportunity. 

As regards the Spanish steamer “ Murciano,” there was a 
doubt, at least at first, whether the infection was due to the 
water, but there was from the first no doubt on that head in 
the case of the second ship, the “ Gretchen Bohlen.” She had 
arrived in Hamburg harbour on the 5th of January ; the 
“ Murciano” was laid near her, disinfected, and cleaned on the 
I2th, and cholera broke out on board the ‘Gretchen Bohlen 
on the iSth. The crew, consisting of seventeen negroes, had 
been free of cholera till then, had had no other opportunity 
of catching the infection, but had, as has been ascertained 
with certainty in this case, drunk water directly from the 
Elbe in large quantities. As the cholera took exactly the 
same course on board the second ship as it had taken on 
board the first, the assumption that the outbreak on hoard 
the latter had really been caused by infected water was 
rendered still surer. 

One of the most striking peculiarities of the Hamburg 
after-epidemic is its low mortality. It amounted to 28 per 
cent; whereas the usual mortality of cholera, as is well 
known, is about 50 per cent I believe, however, that this 
exception from the rule was probably only apparent The 
older cholera-statistics counted only ca.ses which showed well- 
marked clinical symptoms, that is, severe cases. Milder cases 
of diarrhoea with vomiting and cases of simple diarrhoia were 
called cholerine, and generally left aside. The Hamburg 
after-epidemic was the first in which bacteriological diagnosis 
was carried out as completely as possible, and every case in 
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which cholera-bacteria were found registered as cholera. 
These cases include not only such as were formerly regarded 
as suspiciously like cholera and called cholerine but also such 
as showed quite unimportant clinical symptom^ nay, none at 
all, and were investigated only because the persons in ques- 
tion had been in contact with indubitable cholera-patients. 
This epidemic, in short, was the first in which not only the 
clinically but also the etiologically suspicious cases were 
examined, which procedure revealed the extremely important 
fact that the latter too include a certain number of cases of 
cholera-infection which can be detected as such only with the 
aid of bacteriological investigation. During the great summer 
epidemic, and even towards its close, when the cases became 
rarer and rarer, bacteriological investigation was restricted to 
clinically suspicious cases, partly because there was a lack of 
time for such investigations and of men able to conduct 
them, partly also because there was no real occasion for 
them. In the winter epidemic, however, it very soon appeared 
that this did not suffice. Even if the clinically suspicious 
were at once rendered harmless by isolation, sporadic after- 
cases kept constantly cropping up, which proved beyond 
doubt that the infectious matter had not yet been completely 
got rid of. At my advice the evacuations and the bacterio- 
logical investigations connected with them were more and 
more widely extended. In giving this advice I was guided 
by the idea that, as the surgeon cuts into the healthy flesh 
when he wishes to remove a malignant growth with certainty, 
so also the extirpation of the cholera-germ must be effected 
in the healthy flesh, as it were, if it is to have a chance of 
success. Consequently not only single individuals suspected 
of cholera, but all who could be reasonably supposed to have 
caught the infection in the same way as they or from them, 
were taken to the evacuation-station and bacteriologically 
examined there, whether their faeces were diarrhoeic or not 
Under this method it appeared that there really were among 
the apparently healthy individuals persons whose faeces were 
hardly diarrhoeic, nay quite normal, and nevertheless con- 
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tained cholera-bacteria. That such persons must also be 
regarded as infected by cholera, and consequently as bearers 
of the infectious matter of cholera, is obvious, for among the 
very numercais other investigations of the fteces of healthy 
persons and of persons suffering from the most various 
diseases which have in course of time been made in bacterio- 
logical laboratories, especially during the last epidemics, 
nothing of this kind has ever been found ; such cases 
happened exclusively among people among whom even 
clinically indubitable cases of genuine cholera hatl occurred, 
and of whom one must therefore assume that thc)^ had had 
an opportunity of catching the infection. How it comes that 
the same opportunity of infection can effect so various grada- 
tions of the disease, and whether this is due to the differences 
of individual predisposition alone, or also to other infliienci!s 
hitherto unknown to us, must remain undecided for the 
present. It is to be hoped that further observations and 
investigations will give us the answer to this (jiicstion too. 
At any rate it is now certain that among a number of 
persons who have been exposed to cholera-infection, the 
resultant cases may show the whole scale from the severest 
and rapidly fatal cases down to the mildest imaginable, 
demonstrable only by bacteriological investigation. I regard 
this experience as one of the nio.st important additions to 
our knowledge of Asiatic cholera, both from the |)ractical and 
from the theoretical point of view. 

It is practically important for the following rca.sons : — 

If one rests content, as formerly, with rendering only the 
clinically suspicious and afterwards bacteriologically ascer- 
tained cholera-ca.scs harmless by isolation and disinfection, 
one will doubtless succeed in some cases in extinguishing a 
cholera-focus in course of development; but in other cases, 
especially in densely crowded city-populations, and under cir- 
cumstances so unfavourable as those in Hamburg were, the 
efforts to destroy all the cholera-germs would be \'ain. And 
this method is open to the special objection that precisely 
the mildest cases, which escape investigation, arc the most 
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dangerous of all as regards transmission. This can be most 
simply explained by some examples. On board each of the 
two cholera-ships in Hamburg harbour two people fell ill with 
clinical symptoms which could not but lay then) open to the 
suspicion of cholera; of course they were at once isolc^ted. 
If now, after disinfecting the ships, one had left the rest of 
the crews, who seemed to be qyite well, unmolested, eight 
persons whose faeces contained cholera-bacteria would have 
had an opportunity of carrying the infectious matter once 
more from place to place in the environs of Hamburg 
harbour. Suppose that the crews had not been foreigners 
but natives, had gone after passing muster to their re- 
spective homes, had given rise perhaps at first to the devel- 
opment of mild cases there which escaped recognition, while 
they themselves had never been ill of cholera from the 
clinical point of view, the cholera might have been carried in 
this manner to a considerable distance, and subsequent in- 
vestigations need not have detected the slightest evidence of 
its origin. The following circumstances, which occurred in a 
beggars* inn in Ham][)urg, seem to me specially noteworthy 
in this respect. A diarrhoea-patient from this inn, which had 
had eight cholera-cases during the great epidemic, four of 
them fatal, was bactcriologically examined on suspicion of 
cholera on the 26th of December, and found to be really 
suffering from that disease. In consequence of this dis- 
covery as many of the inmates of the inn as could be laid 
hold of were also examined, and among them was found a 
man who had no clinical symptoms justifying suspicion of 
cholera, but who had cholera-bacteria in his faeces. When I 
visited the same inn some days later, it was full of people, 
by far the greater part of whom had no occupation, some of 
whom, as they said, had ceased to expect to find occupation, 
and were on the point of leaving Hamburg again. They 
were from the most various parts of Germany ; natives of the 
Prussian province of Saxony and of the Kingdom of Saxony 
were specially numerous among them. One can easily 
imagine how cholera can be carried by such people from 
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one place to another, and how its traces may not rarely 
escape the most careful investigation. Had not the cholera 
been so energetically pursued in Hamburg into its most 
secret hiding-places, and every trace of infectious matter 
that could be found rendered innocuous, I am convinced 
that it would have proved impossible to get the upper hand 
of the kindling matter that had been spread so copiously 
over the city. In this manner, however, the single sparks 
were quenched before they could kindle new conflagrations. 
Every spark of course could not be discovered at once, and 
the several chains ran on in secret ; but they became rarer 
and rarer, and had also to cease to glow at last. I believe 
the case which was ascertained on the 27th of May, after an 
interval of four months, to have been an (offshoot of such a 
chain. It completely justifies the continued caution observed 
in Hamburg, and thoroughness in the bacteriolf)gical investi- 
gation of suspicious cases of illness even after the apparent 
close of an epidemic. 

In the theoretic province the demonstration of the mildest 
cholera-cases can be turned to account 41 two directions. 

In the first place, we now know that a not inconsiderable 
number, nay, if we take the case of the two shij)s as typical, 
the majority of persons infected by cholera, show so insig- 
nificant symptoms of disease that, under ordinary circum- 
stances, that is, without bacteriological investigation, they 
would certainly be regarded as in good health. This disposes 
at once of all the difficulties which have hitherto been found 
in the fact that human intercourse can propagate cholera, 
even when only healthy persons arc in question. It really 
not rarely happens that no notoriously sick people, or inanimate 
articles, such as linen etc., laden with infectious matter, have 
come, or at least can be proved to have come, to the infected 
place. Such cases have been interpreted as indicating that, 
if cholera can be carried without cholera-patients or their 
fseces, a cholera-patient is no more fitted to propagate 
pestilence than any other fraction of human intercourse, and 
such interpreters have then quite consistently gone the length 
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of declaring cholera-patients and their faeces comparatively 
harmless. How overhasty this interpretation of the trans- 
mission. of cholera by apparently healthy persons is, is now 
obvious. Whoever maintains that cholera ha^ come to a 
place without cholera - infected persons or their faeces 
having anything to do with it, must now prove that there 
were no cholera-cases of the mildest type among the 
apparently healthy people who came to the place, and that 
no articles soiled with cholera-faeces were brought to it 
The experience gained in the Hamburg after-epidemic^ 
also gives us the key to the results of the attempts hitherto 
made to infect human beings with cholera, and of uninten- 
tional experiments of the same kind. The first observation of 
this nature was made by Macnamara.* He reports that of 
nineteen persons who accidentally drank water polluted with 
cholera-faeces five fell ill of cholera. Unintentional infections 
have since occurred in the laboratory of the Imperial Office 
of Health f and in that of the city-hospital in Dantzic. To 
these must be added the well-known intentional experiments 
in Munich, Vienna, ^d Paris. Machamara does not tell 
us. whether there were severe and fatal cases among those 
observed by him. But the other cases of infection mentioned 
above, which could only be effected by pure cultivations of 
cholera-bacteria, all have the peculiarity that, when the 
cholera-bacteria appeared in the faeces of the infected persons, 
more or less severe diarrhoea, set in, though, except in the 
one case in Paris, the real severe symptoms of cholera did 
, not develop. That is, those symptoms which we must ascribe 
to the resorption of the virus produced by the cholera-bacteria 
were wanting. One might infer from this that the cholera- 
bacteria are, indeed, able of themselves to produce more or 
less severe diarrhoea, but that they cannot cause cholera 
dangerous to life. This inference, however, is not correct, for, 
if we take the repeatedly mentioned outbreaks of cholera on 
board the two ships in Hamburg harbour into comparison, 

* Gennan Medical Weekly, 1885, No. 37 A. 

t See the same Article. 
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and Macnamara’s observation into account, we find that of a 
certain, number of persons, who are simultaneously exposed to 
infection, only a definite fraction take the disease in a severe 
and another|in a mild form, while the rest remain well. On 
board the Hamburg ships, which afford the surest ground to 
go upon in this connection, two out of twenty-four persons 
took the disease in a severe and four in a mild form in the 
one, and likewise two out of seventeen severely and four 
slightly in the other. If, then, in the case of the isolated 
laboratory-infections, and of the intentional infections affecting 
only a few persons, only mild ca.scs of illness occurred, this 
agrees entirely with what the experience hitherto gained 
would lead one to expect. Even if those experiments had 
had an absolutely negative result, they would not, in the 
least, disprove the specific nature of the cholera-bacteria, for, 
among the groups of persons infected in the usual way, the 
majority do not fall ill cither. If such experiments arc to 
gain the intended purpose, they must be adapted to the 
natural circumstances in every respect. A considerable 
number of persons must expose themselves to infection with 
cholera-bacteria. Some of them must swallow the bacteria 
with empty .stomach.s, and simultaneously with a large 
quantity of cold water. Others must, after diarrluea has set 
in, and cholera-bacteria have appeared in their fieces, commit 
errors of diet, and eat articles of food known by experience to 
favour the outbreak of cholera, and so on. If, in an experi- 
ment arranged in this manner, and with frosh cultivations of 
full virulence, only mild ca.scs resulted, then, but not till then, 
one would have to examine further under what special con- 
ditions the severe cholera-.symptoms occur, and whether 
special aids, independent of the qualities of the cholera- 
bacteria, and of the variations in the condition of the digestive 
organs, are needed to produce such symptom.s. Till then 
there is no reason to doubt the present opinion that the 
cholera-bacteria are able of themselve.s to produce cholera- 
symptoms, mild in one case and severe in another, according 
to the individual predisposition of the infected. This of 
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course by no means robs the experiments hitherto made of 
their importance ; they afford a most valuable contribution 
to our power of judging of the capabilities of the cholera- 
bacteria, though they do not prove what those w^o subjected 
themselves to them intended to prove by them. 

From the tremendous focus which had developed in Ham- 
burg during the months of August and September 1892, the 
pestilence was carried to nearly 300 places in Germany and 
abroad. But the winter epidemic too, strikingly minor as it 
was both in extent and intensity, was not without its off- 
shoots. 

In the beginning of January a man travelled from Ham- 
burg to Schwerin, and died there of cholera. 

Four cases were carried from Hamburg to Elmshorn, which 
place had also received six cases from Hamburg the summer 
before. 

A case, which, indeed, has not been completely cleared up, 
is said to have occurred near Hamburg, at Osdorf in the 
sub-district of Pinneberg. 

At Ncuhof, in the island of Wilhelmsburg in the Elbe, a 
ship-carpenter died of cholera on the 6th of January. He 
had worked in that part of Hamburg harbour in which the 
aljove-mcntioned steamer, “ Murciano,” which had cholera 
on board, lay. This case is therefore probably referable to 
the same source of infection. 

Three cases of cholera occurred at Schulau, and one at the 
immediately adjacent town of Wcdcl. These cases could not 
be traced directly to Hamburg, but indirect relations existed 
in the water of the Elbe. VVedel and Schulau lie on the 
right bank of the Elbe, about twenty kilometres below 
Hamburg, and eight below the Altona waterwork. They 
get their water from wells, but a sugar-factory at Schulau 
takes its water from the Elbe by means of pipes of its own. 
The place from which the water is taken is close to the 
landing-bridge where the Elbe barges which bring beetroots, 
coals, etc. to the factory touch. At the same place the river 
makes a little cur\'e, and has a pretty strong current. Old 
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corks and other floating objects, which are washed ashore 
there in considerable numbers, show that, despite the long 
distance, the contaminations from the Hamburg and Altona 
sewers reac^ the place still in a pretty concentrated con- 
dition. Before flowing into the factory, the water is filtered, 
but only through a layer of gravel, which hardly keeps back 
even the coarser filth. This water was drunk by the factory- 
hands ; one of them fell ill, and died on the 10th of January, 
and another fell ill on the 26th. The former lived at Schulau, 
the latter at VVedel. Soon after the death of the former, two 
of his children were attacked by chf)lera. The linen and 
clothes of this workman, whose illness was taken at first for 
a case of poisoning by meat, were sent to relations in Silesia. 
Fortunately, however, parts of the corpse had been .sent at 
the same time to Kiel for bacteriological examination, and, 
when cholera was diagnosed there, there was still time to 
order the destruction of the dangerous objects by telegraph, 
before they had done further mischief. 

None of thc.se transmi.ssions from Hamburg caused cholera- 
outbreaks of any considerable intensity. Real epidemics 
developed only in Altona tind at Nictleben, and with the.se 
we shall now liave to occupy ourselves more minutely. 

II. Thk Wintkr Ei’Idkmk; in Altona. 

The cholera-epidemic in Altona simultaneous with the 
great Hamburg epidemic had ended, like the latter, towards 
the end of October. Sporadic .stragglers on the 4th and 29th 
of November* seem to have been connected with it. Then 
followed a period of at least apparent freedom from cholera, 
which lasted till the end of December. At this lime the 
after-epidemic in Hamburg had reached its culminating 
point with five ca.ses on one day (the 26th of December), 
and now the pestilence began to reappear in Altona too. 
This time, however, it bore a character quite different from 
that of the previous epidemic. At that time by far the 

* Wallichs* “The Cholera in Altona,** in the German Medical Weekly, 1893, 
No. la 
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most of the patients were connected with Hamburg, and had 
in all probability caught the infection on Hamburg soil, or 
from persons who had caught it there. Now, on the contrary, 
the patients were with a few exceptions persons whose ill- 
ness could not possibly be explained in that way. They 
were, for instance, workmen in fairly good circumstances, 
whose work did not require them to go to Hamburg ; women 
of the middle class; little children who, owing to the cold 
weather, had not even been out of the house; a one-year*s- 
service-soldier ; inmates of the hospital who had been con- 
fined to bed for weeks, and had not come into contact with 
anybody outside; and a prisoner who fell ill after twelve 
days* solitary confinement. There was no connection what- 
ever between any of these cases. The simultaneous epidemic 
in Hamburg was restricted, without exception, to the lowest 
strata of the population, and had evidently nestled itself in 
at certain spots ; whereas in Altona only one of the patients, 
a homeless woman, belonged to the lowest class ; all the 
rest were persons who could not have caught the disease 
by immediate transmission from uncleanly people crowded 
together in unhealthy rooms. Evidently the cholera in 
Altona was of a quite other type than in Hamburg, and the 
only explanation of the phenomena was that the infectious 
matter was scattered all over the city, but only scantily. 
The first thought could not but be of the water-supply, for, 
if accidents had happened to that, they could easily have 
betrayed themselves by producing the phenomena in question. 
Cholera-germs, washed out of Hamburg through the sewers 
into the Elbe, would have been scattered with the insuf- 
ficiently filtered Elbe water all over Altona, and could not 
but have produced disconnected cholera-cases. That this 
suspicion was well founded, and that disturbances in the 
working of the filters at the waterwork had actually taken 
place immediately before the outbreak of the epidemic ; 
further, of what nature these disturbances were, and the fact 
that cholera-germs, that is, cholera-bacilli, were found in the 
water of the Elbe just below Hamburg and in the water 



The Cholera in Germany during the Winter of 1892-93. 87 

of the Altona waterwork before filtration ; all this is dis- 
cussed in detail in a previous treatise* to which I refer 
the reader. 

Small epidemics are in some respects more advantageous 
subjects of etiological investigation than great ones. The 
individual cases can be much more thoroughly investigated, 
each for itself, and their mutual relations can be detected in 
a nianner which is absolutely impracticable in great epi- 
demics. The articulation of a small epidemic therefore 
remains, as a rule, transparent and intelligible in its con- 
nection. The Altona epidemic with which we arc now 
concerned also possesses these advantages. It was to be 
expected from the first that, if the infectious matter got 
scattered over a whole city, and a number of persons fell ill 
in consequence, the epidemic would not remain restricted 
to these primary cases. Wherever circumstances favourable 
to the direct or indirect transmission of cholera exist, the 
primary cases will be followed by secondary ones. But in 
a great epidemic such secondarily developing continuations 
of the infection can be separated from the whole, and their 
manner of originating correctly recognised, only in excep- 
tional cases ; generally they lose themselves unrecognised in 
the mass. In the small Altona epidemic, however, it proved 
possible adequately to distinguish even the secondary in- 
fections, which, as it were, sprouted out from the basis of 
the water-epidemic. 

In three places groups of cases originated within families. 

In one family the father suffered first from diarrhejea ; two 
children died a few days afterwards of cholera ; and two days 
later the mother, who had been occupied with the nursing of 
the children, died also. 

In another family a child of seven months fell ill first, and 
died on the ist of February ; then, two days later, a foster- 
child of a year and a half and a girl of thirteen fell 111 ; and 

* *'Waler<FiItration and Cholera,** in the Periodical for Hygiene and In- 

fectious Diseases, vol. xiv. 
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after a three days* interval a girl of six and the father. The 
last three recovered. 

The third family-epidemic happened in the family of a 
baker. Two women fell ill on the 2nd of February. As they 
must have caught the infection at the same time, it is probable 
that their illness was preceded by a mild case of cholera 
which escaped recognition, and formed the starting-point of 
this group of cases. On the 3rd and 5th of February, a 
female relative and a daughter of the baker fell ill. All the 
cases of this group were mild. ^ 

In the hospital also a small group of cases seems to have 
formed by direct transmission. The first cholera-patient 
there was a woman who had been treated for pulmonary 
phthisis in the chief pavilion for four weeks. The second was 
a typhus-convalescent in the third barrack, and the three 
following cases were in the department for mental diseases. 
These three last cases may probably, especially after the 
experience gained in other establishments for the treatment 
of the insane, be regarded as connected with one another. 

The most interesting secondary group of cases developed 
in the part of the city called Ottensen. There is a group of 
houses there (Sec diagram i),* bounded by four streets 
(Rothestrasse, Papenstrasse, Grosse, and Kleine Brunnen- 
strassc), which consists of two parts. All the western houses, 
except the corner-houses of the Fapenstrassc and Grosse Brun- 
nenstrasse, are connected with the Altona water-conduits, 
and are marked on the plan with a W. The eastern part 
consists of several long courts, accessible from the adjacent 
streets, with small houses on both sides. They were erected 
after the great Hamburg fire of 1842, in order to provide 
shelter for the burned-out people as soon as possiblc.f 9ince 
that time they have been inhabited by poor tenants. These 


* I owe the siketch for this plan, the information about the borings, about the 
underground water in Altona, and other valuable communications, to City- 
Architect Stahl of Altona. 

t Wnllichs* **The Cholera in Altona,” in the German Medical Weekly, 1893, 
No. la 
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Fig, I. Plan Explanatory of the Well-Epidemic in Altona. 

The houses of the ‘Mange Jammer” are not connected with 
the water-conduits. The reason of this is that the Altona 
water-system belongs to a private company, which sells the 
water. The company’s water was too dear for the poor 
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inhabitants of the ‘Mange Jammer,” who had to -get their 
water elsewhere ; and the only source from which they could 
procure it was an old pump-well beside the entrance to court 
number 45 from the Papenstrasse (See diagram, i). To the 
situation and construction of this well, which was so fatal to 
the inhabitants of the “lange Jammer,” I shall return later 
on. As the ‘Mange Jammer” has no water-pipes, it has to 
do without water-closets too. 

The removal of the fxces is effected by means of closets 
provided with barrels. They seem to be sufficiently numerous, 
and are arranged in groups at five different places. In order 
to ascertain something about the nature of the ground in this 
part of the city, two bores have been made in court 45, — one 
near the well, the other almost thirty metres further south. At 
both places the bore passes through a layer of humus and 
humus mixed with sand a metre thick, then through clay and 
clayey sand one and a half to two metres thick, then through 
fine-grained sand to the underground water, which was found 
at a depth of about five metres. This agrees entirely with 
the observations made when the sewers were laid in that 
district. The soil accordingly did not differ from that of the 
adjacent parts of the city. 

As regular observations regarding the fluctuations of the 
underground water have been made in Altona for some years 
past, I will, for completeness’ sake, state their result also here, 
so far as it has to do with the cholera-focus in the “ lange 
Jammer.” The level of the underground water is measured 
in bores which lie in a line perpendicular to the Elbe, that is, 
running from north to south. Of these bores number V. is 
nearest the cholera-focus, and also almost at the same level. 
It may therefore be assumed that the fluctuations of the 
underground water in that bore do not essentially, differ from 
those at the place in which we are interested here. On the 
whole the fluctuations of the underground water in the soil on 
which Altona stands are very slight, which is obviously due 
partly to the fact that the city lies pretty high above the 
Elbe, so that it^ underground water is not exposed to swells 



The Cholera in Germany during the Winter of 1892-93. 91 

caused by the fluctuations in the l6vel of that river, partly to 
the circumstance that the laying of the sewers sank the 
underground water to a definite level, and prevents its rising 
above it. bore number V., the brim of which lies 27*45 
metres above normal zero, the following measurements of the 
underground water-level were taken. The numbers indicate 
the distance of the underground water from the brim of the 
bore in metres, the increase of the number .showing the 
sinking, its decrease the rising of the water. 

From these figures it appears that the level of the under- 
ground water fluctuated between 9*38 and 9*83 in 1891, and 
between 9*46 and 1002 in 1892. This gives a diflercncc of 
45 centimetres in 1891 and of 56 in 1892'. In both years the 
level was highest in spring and lowest in autumn and winter, 
which is the case almost all over North Germany. In 1892 
the level was on the whole lower than in 1891, owing in all 
probability to the fact that 1892 w«iis a dry year.* About the 
end of the year the underground water had reached its lowest 
level. According to the well-known theory one might regard 
this as a circumstance favourable to cholera. This is inad- 
missible, however, because, if for no other reason, the cholera 
died out again in Altona before this factor ceased to act, for 
the table shows that the low level of the underground water 
lasted into February. Besides, it would be hard to sec why 
just one group of houses in Altona should be so strikingly 
influenced by the underground water, while many other 
houses of quite similar situation and construction showed no 
trace of any such influence. 

Even during the summer epidemic cholera-cases occurred in 
the “lange Jammer.** The first happened on the 29th of 
August. The patient was a worker in tobacco, of whom it 
was stated that he had not left Ottensen, and that he had 
no relations whatever with Hamburg. His was therefore one 
of the comparatively few cases which formed the Altona 

* According to van Bebber (ace Annals of Hydrography and >faritixnc Meteor- 
ology! January, 1893), ^l>o quantity of rain etc. that fell in Hamburg in 1892 
was 190 millimetres below the average. 
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epidemic proper. The case remained isolated. A second 
case which occurred on the 4th of September had no con- 
nection with it. The patient was a huckster or pedlar, who 
had been carrying on his trade in Hamburg during the pre- 
ceding days, and had undoubtedly caught the infection there. 
This case, too, had no further consequences, and one would 
have thought that, as the cholera had been brought to the 
“lange Jammer” twice, and yet had not sjwcad there, the 
local conditions were not very favourable to cludera. All the 
more surprising was it that, shortly after the beginning of the 
after-epidemic, nine cholera-cases with seven deaths occurred 
there in one week. Two houses had two cases each. The 
other cases all remained isolated, and were distributed pretty 
equably over the houses of the “ lange Jammer.” 

When cholera-cases became so strikingly frequent in so 
narrowly limited a district of the city, in([uiries were at once set 
on foot as to the causes to which the origination of the cholera- 
focus might be due. The .surprising fact, already alluded to 
above, that in a city otherwise .so excellently supplied with 
water there was a group of houses at the i)lace in question 
with no water-supply, and that the cholera-focus was strictly 
limited to these houses, came to light. The neighbourhocxl of 
the “ lange Jammer ” remained absolutely free of cholera for 
a considerable distance round. The same thing which had 
been experienced on a many hundred times larger scale in 
Hamburg the summer before, namely, th.it the si)r<‘ad of the 
cholera coincided to a hairis-breadlh with the sphere of a 
water-supply, had thus repeated itself here in miniature. The 
source of the water-supply in this case was a well, which of 
course became the centre of the inquiry. 

The well is in court 45, at the spot indicated above (Sec 
diagram i). It occupies, as such wells generally do, the 
lowest part of the court. Its elevation is 28 metres above 
normal zero ; that of bore number 2, which is nearest to it, 
28 ‘II; that of the hou.sc-corner a little further wc.st of it 
28*26; that of bore number one 28*58; that of the closets 
near the latter 28*46 to 28*54 ; that of the house-corner cast 
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of bore number one (marked i in the plan) 28'6i ; that of 
the pigsty and the dunghill 28*52, 

This being the situation of the well, all fluid matter on 
the surrounding surface naturally had to flov^ towards it. 
Under ordinary circumstances this was provided against by 
the clay pipe leading to the sewer, which clay pipe is the con- 
tinuation of a gully near the closets, and goes from there in 
a straight line pretty close past the well to the street. At 
the well itself there is also a gully, which, with a short conduit 
of its own, carries the water that flows past during pumping 
likewise to the sewer. 

The wall of the well is of bricks. The well is closed at 
the top by wooden planks, covered with a thin layer of earth 
and with stones. The depth of the water in the well is some- 
what more than a metre ; its level corresponds to that of the 
adjacent bore number 2. 

From this description it will be seen that the well possesses 
the same qualities as most such wells, and that, if it had been 
examined before the epidemic, there would have been no 
occasion to designate it as bad. And this actually happened. 
In May 1892 366 wells were examined in Altona, and 92 of 
them found unfit for use. In the list of wells before me, 
however, the well beside the Papenstrasse, which afterwards 
became so dangerous, is not among the condemned ones. 
This example shows with signal clearness how little confid- 
ence the examinations of wells usual nowadays deserve, and 
that a tank-well which has been used perhaps for years with- 
out disadvantage may under special circumstances suddenly 
become a source of infection. The construction of tank-wells 
in fact is such, as I have explained in a previous treatise 
(Water-Filtration and CRolera), that the entrance of infected 
fluids from above can never be prevented with certainty. 
And something of this kind must have happened to the well 
at the Papenstrasse. The infectious matter cannot have got 
into the well-water from below, that is in the underground 
water ; for the bottom of the well lies in fine-grained sand of 
good filtering quality, which, moreover, is protected against 
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contaminations from the surface of the ground by a pretty 
thick impermeable layer of clay. Besides, if the under- 
ground water had been the bearer of the infectious matter, 
not only thi^ but also other wells, at least the neighbouring 
ones, must have been similarly surrounded by cholera-cases, 
whereas they were not. The corner-houses, for instance, 
Papenstrasse $9-61 and Grossc Brunnenstrasse 118-120, arc 
not supplied with water, but use a well, and yet not a single 
case of cholera occurred in them. 

The only remaining possibility therefore is that the in- 
fectious matter entered the well from above, and unmis- 
takable indications that this was really the case were found 
on closer inquiry. For, after the wooden covering had been 
removed, wet stripes of dirt appeared on the side of the well 
where the sink and the gully arc, and these stripes went 
down from the top to the water, and visibly marked the way 
which the dirty fluid from above had taken. Gaps and 
fissures must have formed in the masonry at the place where 
the stripes of dirt began, and in the thin layer of earth and 
stones outside, so that liquid matter could flow unhindered 
from the surface of the ground into the well. As a rule 
this fluid will have been only water wJiicIi hatl been taken 
from the well itself, and had flowed along beside it during 
pumping, or when rinsing and washing were going on at 
its side. But even then infectious matter could have got 
into the well-water, if, for instance, linen or ve.ssels soiled 
with the faeces of enteric-fever or cholera-patients had been 
cleansed at the well. That this did not happen sooner, 
especially during the summer epidemic, w^as due .solely 
to good luck. As matters stood there, a cholera-focus 
might have developed suddenly in* summer. It is possible 
too that the winter outbreak was caused in this manner, but 
it seems to me more probable that cholcra-faices or water 
used in washing cholera-linen had been poured out in court 
45 near the well, and got into the well in the manner I am 
about to explain. In summer, it may be assumed, such a 
fluid would have flowed through the gullies into the clay 
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pipe and through it into the sewers, or the dry ground 
would have absorbed it, and not allowed it to flow far. But 
in winter, when the ground was frozen almost a metre deep, 
and the gullies were frozen too, so that they coul|d not receive 
any more fluid at all, the only way left for dirty water poured 
out in the court was that prescribed it by the natural fall of the 
ground, and this was the way to the well, which is situated 
at the spot where the ground is lowest. That this was really 
the case is also indicated by the fact that, when the court 
was cleaned and sprinkled with carbolic acid immediately 
after the occurrence of the first cholera-cases, the water of 
the well, into which no disinfectants could have got directly, 
is said to have smelt for a while of carbolic acid. It is 
further noteworthy that no dirt-stripes were visible on the 
inner wall of the eastern side of the well, where the clay 
pipe passes it, so that no contaminations can have flowed 
into it from that side. Besides, the clay pipe, which, it is 
true, lies two metres deep at the place, and consequently 
below the influence of frost, must have been empty at the 
time, for it received nothing from the frozen gullies. 

As the weather played .so e.ssential a part in this case, it 
will not be unimportant to gain some exact knowledge of 
the meteorological conditions of the period under considera- 
tion. I give the data in question according to the observ^a- 
tions of the Marine Observatory, which Professor van Bebber 
has kindly placed at my disposal. 

This table shows that a short period of thaw which lasted 
from the 15th till the 21st of December 1882 was followed 
by a period of persistent cold. It began on the 21st of 
December, and lasted till the 24th of January. During this 
period the gullies must have been frozen and unable to per- 
form their function. The outbreak of cholera in the “ lange 
Jammer’* began on the 21st of January, and ended on the 
1st of February. It is therefore likely that the infecting of 
the well took place some days before, that is, within the 
period of frost, when dirty water could not ooze into the 
ground or flow through the gullies, but had to find its way 



The Cholera in Germany during the Winter of 1892-93. 97 

above ground to the well. On most of the days, indeed, the 
cold was so intense that such fluids too must have been very 
soon converted into ice, and could not flow far ; but there were 
days, the I4tji of January for example, on which the tempera- 
ture was only very little below freezing-point, and on such 
a day the contamination of the well may have taken place. 

At any rate, whether it happened in the way I have tried 
to explain here, or in some other similar way, cholera- 
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bacteria must have got into the well ; for they were actually 
proved to be in the well-water. The case in question is one 
of the rare ones in which the circumstances were of such a 
nature that the investigation could be made early enough. 
Had the well-water been examined some weeks after the 
outbreak of the disease, as usually happens in such cases, 
nothing suspicious would have been found. As, however, in 
this case suspicion pointed to the well from the first, the 
investigation took place so early as the 31st of January. It 
was conducted in the manner described in a previous treatise 
and, as cholera-bacteria were found in very large quantity in 
the very first specimens mixed with peptone and kept at 
incubation-temperature, the original water must have been 
pretty rich in them too. 

One litre of the water taken from the well on the 31st of 
January was kept in a place with a pretty equable tempera- 
ture of three to five degrees centigrade, and was examined 
from time to time with a view to ascertaining whether it 
contained cholera-bacteria. The investigation yielded an 
affirmative result on the 2nd, 3rd, and 17th of February. 
The cholera-bacteria had therefore remained alive in well- 
water for eighteen days under the conditions stated. Speci- 
mens of water afterwards taken from the well itself and 
examined contained no cholera-bacteria. 

The well was closed on the 26th of January, and one case 
of cholera occurred on the 27th, one on the 28th, one on the 
29th of January, and one on the ist of February, — all cases 
lying within the incubation-period (the last patient had been 
suffering from diarrhiea for some days), and consequently to 
be attributed to infection by the well-water. 

How the cholera found its way into the "lange Jammer” 
could not, in spite of all efforts, be ascertained. I therefore 
conjecture that, among the isolated cases, scattered all over 
the city, that had occurred since the end of December, one or 
another had happened in the ‘Mange Jammer,” but had 

* “The Bacteriological Diagnosis of Cholera,” in the Periodical for Hygiene 
and Infectious Diseases, vol. xiv. 
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remained unrecognised, owing to the unremarkable character 
of its symptoms. The inhabitants of the “ lange Jammer *’ 
do not belong to the class of people who seek medical aid 
even in a qise of diarrhoea, and the assumption that a mild 
case of cholera had run its course among them unnoticed is 
therefore quite justifiable. If fieces of such a patient got 
into the well, the little epidemic needed no more complicated 
explanation. But, if anyone refused to admit such an 
assumption, one could ascribe the two first cases of the 21st 
of January to the general Altona epidemic, and the infecting 
of the well to one of them. If this explanation is correct, the 
well-epidemic began only on the 24th of January, and con- 
sisted of seven cases with six deaths. 

There Wcis another noteworthy phenomenon in the Altona 
epidemic. It lasted from the 23rd of December 1892 till 
the 1 2th of February 1893, and comprised 47 cases with 27 
deaths. The mortality, therefore, amounted to 5 7 4 j)cr cent. 
This figure is rather high, but not extraordinarily so. It is 
an extremely .striking fact, however, that an epidemic pre- 
vailed almost simultaneously in the adjacent Hamburg, which, 
with 64 cases and 18 deaths, had a mortality of only 28 per 
cent, that is, not quite half so high, The difference must 
appear even greater than these percentages cxj)rcss, if we 
consider that the Hamburg patients were exclusively ill- 
nourished, low sunk people, in great part addicted to 
drinking, whereas the Altona ones were r^f all cla.s.scs of the 
population. Why was the cholera in Altona .so very much 
more malignant ? 

One’s first thought might naturally be that the cholera- 
investigations were conducted in a much more thorough style 
in Hamburg than in Altona, and that the ca.scs ascertainable 
only by bacteriological investigation, though they existed in 
Altona as well as in Hamburg, were not found out in Altona. 
Now it must be admitted that this circumstance may have 
had a certain influence, especially in the beginning of the 
Altona epidemic, for only the clinically .suspicious cases were 
bacteriologically investigated at first, and some mild cases 
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may have escaped detection. Afterwards, however, investiga- 
tions were repeatedly made en masse^ in the prison and 
among the troops of the garrison for instance, without 
clinically unsuspicious cases of cholera with bacteriological 
characteristics only, such as were detected in Hamburg, 
coming to light The Altona epidemic, therefore, really 
differed from the Hamburg one in quality. This singular 
fact becomes almost more striking, if one takes the separate 
groups of cases into account. In one family, for instance, 
three of four patients died, in another one of four, in a third 
not one of five, and in the “lange Jammer” seven of nine. 
These differences must have been due either to external 
factors, such as soil, state and situation of dwellings, etc., or 
to individual conditions, or to the nature of the infection, or, 
finally, to the behaviour of the infectious matter, that is of 
the cholera-bacteria. The. two first possibilities are excluded 
in this case, for differences of soil have not been discovered, 
and there is equally little reason to attribute the phenomenon 
in question to other external factors, for, as regards dwellings, 
cleanliness, and nutrition, the Hamburg victims were in much 
worse case than even the inhabitants of the lange Jammer.” 
Just as little reason is there to suppose that the members of 
the family in which three out of four cholera-patients died, or 
the cholera-patients of the “lange Jammer,” were personally 
in worse condition than the homeless people and the 
drunkards in Hamburg. The influence which the nature of 
the infection and the quality of the infectious matter may 
have exercised therefore seems to be the factor most worthy 
of consideration. It is possible that cholera assumes a 
specially dangerous form when transmitted by water, as it 
was in Altona, and especially in the “lange Jammer.” The 
malignant character of the great summer epidemic in Ham- 
burg, which was unquestionably a water-epidemic, speaks for 
this theory. It may be objected, on the other hand, that 
the cholera-epidemic on board the two ships in the Hamburg 
harbour, though in them too the medium of infection was 
water, was of a mild character. 



The Cholera in Germany during the Winter of 1892-93. 10 1 

It would be natural to conjecture differences in the virulence 
of the infectious matter itself. But all investigations with 
a view to deciding this question have failed. As regards 
virulence artd the power of producing the poison peculiar to 
cholera, no constant differences have hitherto been discovered 
between the cholera-bacteria of the mildest cases of the after- 
epidemic and those of the severest cases of the beginning of 
an epidemic. 

I must confess that I cannot yet give any satisfactory 
explanation of this striking difference in the behaviour of 
cholera, which shows itself both in small groups of cases and 
in whole epidemics; and I look upon the clearing up of this 
mysterious phenomenon as one of the most important tasks 
in the further investigation of cholera. 

In Altona it fortunately happened that the causes of the 
epidemic were early recognised, and could be removed with- 
out delay. The authorities, who perfectly understood the 
situation, at once did all that was necessary in order to get 
the upper hand of the pestilence. The disturbance in the 
working of the filters was most promptly remedied, the 
infected well was closed, all cholera-cases in which there was 
reason to apprehend a transmission of the infectious matter 
were isolated, and, when the state and situation of dwellings 
wertj too unfavourable, the inmates exposed to infection were 
removed to other quarters, while at the same time judicious 
steps were everywhere taken with a view to disinfection. The 
fact that the epidemic died out quickly and without great 
loss of life is undoubtedly due to this wisely directed action. 

The last cholera-case in Altona was observed on the 12th 
of February 1893. Nothing of the kind has since happened, 
and one may therefore regard the Altona epidemic as utterly 
extinct. 

III. The Cholera-Epidemic in the Lunatic-Asylum 
AT Nietleben near Halle. 

Though it has not been possible to prove the immediate 
connection between the cholcra-epidcmic at Nietleben and , 
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that of Hamburg, the former must nevertheless be regarded 
as an offshoot of the Hamburg after-epidemic. In the middle 
of January 1893, when cholera broke out at Nietleben, it still 
prevailed only in Russia, France, and Hamburg-Altona. 
Its introduction into Nietleben from abroad is, owing to the 
seclusion of the asylum, simply out of the question. Unless 
therefore one prefers to assume that the infection was intro- 
duced in summer from one of the places then infected, and 
remained latent till winter, which is inadmissible for reasons 
to be discussed below, no alternative remains but to attribute 
the epidemic to a fresh but unrecognised introduction from 
Hamburg. 

In the neighbourhood of Halle (see diagram 2), and for a 
good many miles below it, the Saale has a very winding 
course, and repeatedly divides itself, especially, for instance, 
at Halle, into several arms. On both sides of the river, in 
this part of its course, one finds porphyry, at some points 
hardly rising above the level of the valley, at others forming 
knolls, sloping steeply towards the river. A large part of 
the city of Halle stands on porphyry, and the provincial 
lunatic-asylum at Nietleben, which is situated on the opposite 
western side of the valley, at a distance of four kilometres 
from Halle, also stands on such a porphyry knoll. At the 
foot of the latter flows an arm of the Saale, called “the 
Wild Saale.” The Nietleben porphyry knoll rises 30 metres 
above the mean level of the Saale. It is connected with the 
almost equally high ground behind it by a narrow ridge, 
corresponding in the plan (diagram 3) to the road which 
runs from building 18 westwards past a barn. The knoll 
slopes towards the two sides where the sewage-fields are 
marked in the plan ; towards the river it ends in a pretty steep 
slope, at the foot of which lies the pumping-station. On this 
latter side it is not bounded by a regular curve, but has two 
short spurs, on one of which (going almost due eastwards) 
stand pavilions 29, 30, and 31, on the other (going south- 
w,ards) pavilions 32, 33, and 34. Between these two spurs 
a steep-banked hollow bites, reaching to the building marked 




Fig. 2.— Map of Halle and its Environs (the Cholera places are underlined). 
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I in diagram 3. At some points the naked rock is visible, but*, 
with these exceptions, the surface of the porphyry is dis- 
integrated and covered with the products of decomposition, 
consisting injoose fragments of stone and a loamy cement. 
This layer of the products of disintegration was of consider- 
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Fig. 4. — Plan shewing the Position of the Profiles in Diagram 5. 


able thickness only on the top of the knoll. In the rocky 
substratum there a groovc-like hollow has formed, beginning 
near building 3, running under buildings 2 and i towards 
the above-mentioned hollow, gradually getting deeper and 
deeper, and ending in the hollow. The situation and extent 
of this groove may be best seen from diagrams 4 and S, which 
represent some cross-profiles of the top of the porphyry 
knoll. Whether this groove existed from the first, or was 
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formed in course of time by more rapid decomposition, 
it obviously furnishes the natural drainage for the broadly 
vaulted, and in the middle somewhat sunk, surface of the 
porphyry knoll. Further information regarding the shape 
of the hill may be got from diagrams Ta and ^b, which 



show the elevations in lines drawn through the front of the 
asylum-buildings and through the longitudinal and transverse 
directions of the two spurs of the hill. The situation of these 
profile-lines is easily discoverable with the aid of the corre- 
sponding letters in diagram 6. The structure of the ground on 


Fig. 5. — Profiles corresponding to those of Diagram 4. 
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which the asylum stands must, accordinjjly, be conceived as 
follows : The nucleus of the hill consists of compact porphyry, 
disintegrated and loosened in its outermost layer, Nvhich is one 
to two metres thick. This rind has clefts and rents, filled 
with loamy masses.* Over it lies a layer of loose stones and 
loam of varying thickness, and over that arable soil. The 
rock slopes in all directions, .so that there is nowhere an\' 
opportunity for underground water to gather. Even on the 
top, where there is a shallow depression, no undergrouiul 
water can accumulate, for there is nothing to prevent the 
water that oozes in from above from flowing off throiigli 
the groove already described.f It is equally imjKXssible for 
water to .stream into the jirecincts of the asylum from the 
higher land to the west, for the connecting ridge is too narrow 
for that, and is furnished on both sides, almost up to the 
top, with artificial drainage, which diverts any underground 
water that may stream in the direction of the asylum towards 
the sewage-fields. The e.xistence of underground water might, 
indeed, be inferred from the fact that there are several 
wells between the buildings of the establishment on the top 
of the hill ; but these wells are driven deep down into the 
compact rock, and form, as it were, cisterns, which collect 
a certain quantity of water trickling in from above, but yieltl 
no real underground water. 

All the buildings of the establishment stand on the top of 
the porphyry knoll, and arc founded on the firm undisintegrated 
rock, which had to lx; prepared for them at some places, 
especially under pavilions 29, 30, 31, 32, 33, 34, by blasting. 
P"or this reason the cellars of the buildings, as 1 have 
convinced my.sclf by personal inspection, show no traces of 

* The volume of the pores of the ^isintcgratcrl porphyry fluctuates between 5 
and 6*5 per cent. It rises, in proportion to the dej;ree of disintegration, to 
between 8*5 and 11*5 |icr cent. The highest percentages that have been obtained 
are 1 1 ‘6 and 1 1 *7. 

t The groove is transversely blocked near its outflow by the medical su|)crin- 
tendent’s house, but care has been taken that water flowing down the groove 
may find its way out past that building through a deep drain laid between it and 
the edifice in which the curable male patients live. 




Fig. 6. — Plan shewing the Positions of the Profiles in Diagrams 7a and 
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dampness emanatin^^ from the soil. Wherever such traces 
seemed to exist, under building 6 for instance (for incurable 
male patients), it was ascertained that they were caused by 
water from the waste-pipes of the steam-heating apparatus, 
which had * become leaky. The only inhabited building 
belonging to the establishment not founded on rock is the 
gardener’s house (28). It lies at the foot of the hill on 
alluvial soil, in which the underground water rises and falls. 
At high level the water is said partly to Hood the cellars of 
the house. 

The asylum was built in 1840, and originally consisted of 
a group of edifices in rectangular order, comprising buildings 
I, 2, and 3, containing offices and dwellings for ])ersons 
engaged in the management, and the two-storied corridor- 
buildings 4, 6, and 7. A similar corridor-building (9) for 
incurable female patients was afterwards added, and several 
groups of pavilions were built still later outside of the 
rectangle, namely, pavilions 29, 30, and 3 1 on the men’s side, 
32, 33, and 34 on the women’s side, and 35, 36, and 37 west 
of the main building.s. 

The establishment was provided with water-j)ipcs and 
.sewers nearly ten years ago. The construction and m.anagc- 
ment of the watcr-.system, which receives its water from the 
Wild Saale, has been described in <letail in a previous article 
on water-filtration and cholera. Its main course is indicated 
in the plan. Close to the Wild Saale lie the filters, from 
which an underground iron pii)e leads the water to the 
pumping-.station at the foot of the hill. 'I'he pump then 
raises it and pre.s.ses it into high reservoirs in l)uildings 2 and 
3, whence it is distributed all over the establishment by pipes. 
Another system of pipes collects the dirty water from the 
sinks, water-closets, bath-rooms, kitchens, etc., and leads it 
into two main sewers, which begin at building 2, and go in 
opposite directions to the sewage-fields on the slopes of the 
hill on both sides of the establi.shmcnt. These .sewers are of 
mason-work, arc provided with man-hole.s, and arc up to date 
in every respect. The sewage-fields too are properly laid out. 
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They consist of horizontal beds rising in terraces. Their soil 
is deeply enough drained. The oflf-flowing water is collected 
in a main conduit, and led in open ditches, the course of 
which is indicated in the plan, both from the jaorthern and 
from the southern sewage-field, into a dirty little brook called 
the Saugraben (Sow-Ditch). That this brook flows into the 
Wild Saale at a very short distance above- the place where the 
water for the asylum is taken from the river, and to what 
grave objections such an arrangement of the sewerage and 
the water-system is open, I have already stated in the article 
referred to above. 

The asylum was originally intended for 600 patients, but 
the number has gradually risen to 800, and, if we count the 
attendants, the doctors, the officials, and the other persons 
employed in the establishment, the number of its inmates is 
now about 1000.* 

The Nietlebcn asylum was repeatedly the scene of cholera- 
epidemics in former years, and that under circumstances 
which seemed quite specially favourable to the application of 
the soil-theory. These epidemics therefore play a certain 
part in the literature of cholera, are frequently referred to, 
and cannot well be left out of account here. We owe our 
information regarding them to Delbruck,f from whose writings 
on the subject I take the following items : — 

In 1866 the cholera was restricted to the men-s department, 
where 17 persons died during the epidemic, which lasted 36 
days. Opportunities of transmission to the women’s depart- 
ment were not wanting, and diarrhoea prevailed there during 
the epidemic, but no fully developed cholera-cases occurred. 
The contrary happened in 1850, when the men’s department 
remained free, whereas the women’s suffered severely. Del- 

* On the 14th of January 1893 the asylum contained 436 male patients, 375 
female patients, 124 officials who had and 56 who had not their meals in the 
establishment, — in all 991 souls. 

t Delbruck's Report of the Cholera Epidemic of 1866 in Halle, published in 
Halle in 1867, page 19. The Deliberations of the Cholera-Conference at 
Weimar, edited by Thomas and published in Munich in 1867, page 24. 



The Cholera in Germany during the Winter of 1892 -93. 1 13 

briick seeks the reason for this behaviour of cholera in the 
structure of the soil. The building marked 9 in the plan, and 
now occupied by incurable female patients, did not exist in 
1850; but oi> the place on which it now stands there was 
“a big hill, which, forming a steep slope, increased the afilux 
of water etc., and prevented the olT-flow of moisture from this 
plage; this hill* however, was removed when the buililing was 
erected, and the water is thus enabled to flow off very easily.*’ 
If one reads this description of the ground, without having 
seen the place, one cannot but get the imprc.ssit>n that the 
soil may have had some influence in this case. Ihit it really 
had none whatever. On close investigation the “big hill,** 
with its “steep slope,’* .shrinks into nothing, aiul Delbriick’s 
description of the circumstances connected with the former 
cholera-epidemics at Nictlcbcn shows once more with signal 
distinctness how naively inquiries into the etiology of cholera 
u.sed to be gone about, and how cautious one ought to be 
in using the cholera-reports of former times. A gl.incc at 
diagram 5, which represents the ground in (juestion in its 
earlier form and after the erection of building 9 (|)rofiles 
I to 4), at once informs one that the alleged “ big hill ** was 
nothing more than a swelling about 2 metres high at the 
southern edge of the ground on which the asylum stands. Of 
a “.steep slope** nothing whatever is visible, unless indeed 
the above-described groove, which is situated inwards from 
the place in question, be meant. Hut jii.st the existence of this 
groove should have convinced Delbriick that the off-flow of 
fluids takes place in quite another direction than he supi)oscd. 
Moreover, the “hill** was replaced by an extensive edifice, 
which, with its foundation-walls resting firmly on the rf)ck, 
would have presented at least as great obstacles to the 
motions of the underground water, supposing such motions 
to have taken place there, as the “ hill.’* h'ortunately, however, 
the archives of the asylum contain more exfict memoranda 
of the course of that epidemic, which were most readily placed 
at my dispo.sal by the medical superintendent. Dr Huchholz, 
the first assistant-physician of the asylum, has taken the 



1 14 The Cholera in Germany during the Winter ^1892-93. 

trouble to mark the cases in the ground-plans of the buildings 
in which they occurred, and to excerpt the necessary notices 
from the reports; and I may restrict myself to reproducing 
his sketches and notices here, as received by me from him, 
because they contain everything that is of interest to us here. 

I. The Epidemic of 1850 (Diagram 8). 

At the time when this epidemic occurred, all the female 
patients were lodged in the two-storied house marked 7 in 
the plan. The building was intended for 75 patients, but was 
occupied by no. The imbecile patients lay in the ward 
marked J I., the convalescents in that marked J II. The 



Fid. 8,-— Cholera Epulenvc in the year 1850. 


water came through the old conduit from the Saale (without 
filtration), but water from the wells was also used for drinking. 
For the fieces there were cesspits. 

With regard to the patients the following notes were 
taken 

Number i, patient T., received from Merseburg, which was 
infected with cholera (no cholera in the house, but cases of 
diarrhoea). Received on the 14th of August ; fell ill in the 
night between the 17th and i8th of diarrhoea, which was 
recognised as cholera on the 18th; died on the 19th. 
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Number 2, an attendant in the above corridor marked 
J II., who had attended Number i. Had diarrh(ea on the 
19th of August, soon followed by marked eholera-symi)toms, 
and died on Jthe 20th. 

Numbers 3 and 4, patients of corridor J II., fell ill on the 
23rd of August. 

Number 5, a patient of corridor J II., fell ill on the 24th of 
August. 

Number 6, the chief attendant, who had tended the patients, 
and .sat up with them, fell ill on the 24th, and liied on the 
25th of August. 

Till then cases had occurred only in the upjK'r corridor, 
J II. ; then the disease broke out in the hnver corridor, J I. 

Number 7, a patient, fell ill on the 24th of August, and died 
in the night between the 25th and the 26lh. 

On the 2Sth several patients of corridor J I. .suffered from 
diarrluea. 


Number 8, a 

patient, fell ill .and died on the 26111. 




on the 26th, aiul died on the 
27th. 
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„ 27II1 (died several weeks 

later of exhaustion). 

„ II, 



„ 27th. 

» 12, 

1, 

„ 

„ 27th, and died on tiu; 

2.Sth. 

» 13, 


,1 

„ 28th, and died on the 

29tll. 

„ 14, 

„ 

,) 

„ 28th. 

» 15. 


,1 

if ii 

» 16, 

» 


tf » 


Then the disease broke out in corridor II I. 

Number 17, an imbecile child, fell ill on the 29th. 

On the 29th several patients suffered from diarrhcea, one 
severely. 

Number 18, an imbecile child of nine, in the .same room «xs 
number 17^ fell ill and died on the 31st 
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2. The Epidemic of 1866 (Diagram 9). 

When cholera broke out the asylum contained 470 patients, 
and 90 officials, attendants, etc.,— in all 560 souls. Cholera 
had prevailed in Halle since the middle of July. Whether 
the infection was brought from there or from some other 
place, could not be ascertained. 

With reference to the undersoil it is stated that a drain ran 
along the front of the asylum-buildings (marked 4 and 6 in 
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the plan), which drain received the waste-water of the male 
patients’ houses and the observation-station, and led it into 
an open ditch. This drain (six inches square) was found to 
be choked and grown through by roots, and water had 
accumulated in the cellars under the hou.se for incurable 
patients in consequence. After the epidemic it was replaced 
by a larger drain. 

The water-supply and the closets with cesspits were just 
as they had been in 1850. The cholera-cases occurred in the 
following order : — 
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19 August Number i in D 11. 




II 

— i> >1 



II 

3 >» » 

>» 

• 

*1 

4 » I* 

22 


II 

5 1, C II. 

23 


II 

6 „ D II. 

24 


II 

7 II C II. 

25 

» 

,, 

8 „ 1) II. 



II 

9 1, C II. 

26 

•1 

>1 

10 „ I) II. 

27 

*> 

II 

1 1 ,1 „ 

28 


11 

[2 „ „ 

29 

II 

II 

*3 II ,1 

30 

„ 


14 „ H II. (a male attendant). 

31 

II 

11 

15 II C 11. 

4 September 

II 

16 „ 1 ) 1. 

5 

II 

i» 

17 II II 

6 

II 

II 

18 „ B II. 

1 1 

II 

•1 

*9 II .1 

19 

1) 

}i 

( in the medical superin 
( tendent’s house. 

20 

II 

II 

21 in B 11. 

26 


•• 

22 .. 

f these 

22 cases. 

18 

proved fatal ; the victims were the 


medical superintendent, i mjile attendant, and 16 patients. 

Besides the cases enumerated here, 45 persons are said to 
have suffered from violent diarrluea or vomiting in the most 
various departments. Some 50 such cases occurred in the 
women’s department, but the symptoms did not become 
alarming in a single case. 

This is all that I have been able to learn about the former 
epidemics, but it fully suffices to afford a clear conception of 
the behaviour of the cholera in 1850 and 1866. Had the 
cholera been influenced on those occasions by general causes, 
it must have broken out simultaneously and ccjuably over the 
whole establishment, or at least in the building subject to 
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such influence. If, for instance, in 1866 the choked drain had 
been connected with the causes of the epidemic, the disease 
must have appeared first and predominantly in the lower 
story, and especially in wards B and C. But this was by no 
means the case. It began in the upper story in ward D, 
passed to the adjacent ward C II., and then to ward B II., 
adjacent to that. Only by the way, and almost two weeks 
after the outbreak of the epidemic, did two cases occur in the 
lower story in ward D. 

If one follows the spread of the cholera on the ground-plans, 
and with the aid of the numbers in both epidemics, it appears 
at once, and quite unmistakably, that on both occasions the 
disease spread from one point, to which it must have been 
brought (in 1855 the bringing was proved), to the adjacent 
parts of the establishment ; it crept on like a fire in the direc- 
tion in which it found something to devour. The epidemics, 
then, were not due at all to causes lying outside of the 
patients, the alleged “ hill ” or the “ choked drain '' ; but the 
patients themselves offered so favourable points of attack to 
cholera that it needed no special medium, and could spring 
directly from one person to another. This is the form of 
cholera which I have described at the beginning of this article 
as the second type, the same as we saw in the after-epidemic 
in Hamburg, and as has been observed frequently enough 
before on board emigrants' ships, in prisons, and especially in 
lunatic-asylums, in short, wherever human beings live densely 
crowded together under unfavourable circumstances. This is 
also the simplest explanation of the fact that, in both the 
former epidemics in the Nietleben asylum, the great majority 
of those who were attacked by cholera were incurables, that is, 
unclean patients. 

It is extremely instructive to see how in the same establish- 
ment, which has already had two cholera-epidemics of the 
second type, the first or explosive type can also break out, if 
the circumstances fulfil the necessary conditions. For the 
epidemic of 1893, which I shall now describe, was of a 
markedly explosive character. 
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3. The Epidemic of 1893. 

During the summer of 1892, when the cholera was carried 
in all directions from Hamburg, no cases of genuine cholera 
were observed in Halle and its vicinity. Only one case of 
illness was regarded as suspicious, that of an assistant-stoker 
who fell ill of diarrhcea with vomiting and cramp in the 
calves in Nietleben Asylum on the 25th of August, and was 
taken at once to the university-clinic in Halle. After that 
nothing more of the kind occurred. Simple cases of diarrh(ea, 
which are always more or less frctiuent in lunatic-asylums, 
were of course not wanting at that time at Nietleben cither, 
but in the beginning of October their number increased to 
such an extent that 73 such cases were entered in the sick- 
list between the 2nd and the 27th of that month. 'I'his did 
not last long, however, as the following sick-list, containing 
only the cases of diarrheea, dysentery, and enteric fever, 
shows : — 


Sick-List. 


D.'ite. 

Di.irriwca. 

i Dysentery. 

^ Enteric Fever. 

October 

3 

1 

i I 



10 

66 

1 



26 

6 



November 12 

... 

1 

2 

If 

*7 

I 



If 

24 

2 



II 

25 

2 



If 

December 

26 

1 



4 

I 



II 

8 

I 

i ••• 


II 

11 

2 

i 


II 

16 

4 



ti 

20 


1 


II 

23 

3 

i 


If 

January 

26 

3 

i 

2 

2 

3 

1 

1 


II 

7 

1 


I 

11 

8 

... 

i 



In November and December but few cases of diarrhoea 
occurred, but nine cases are noted in the last days of December 
and the first two of January. Between the 2nd and the 15th 
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of January only one case occurred. There was accordingly 
no premonition of the fatal catastrophe that was about to 
befall the establishment. I wish to draw special attention 
to this point, as it has been repeatedly asserted that the 
Nietleben epidemic was preceded by premonitory cases of 
diarrheea. The cases which occurred in October, a quarter 
of a year before, cannot possibly be designated as premoni- 
tory ; apart from them, however, the time before the epidemic, 
and especially the weeks immediately before it, were marked 
by nothing that could be inferred to be connected with cholera. 

Speaking generally, I have not yet been able to convince 
myself that the so-called genius epidemicus reveals itself in 
such a manner before a cholera-epidemic. In places where 
cholera has unexpectedly broken out, one finds on unbiased 
inquiry no striking increase of disturbances of digestion, or 
at most only such an increase as occurs at the same season 
in other years also. This was the case in Hamburg before 
the great epidemic and at Nietleben. The supposed pre- 
monitory cases of diarrheea, on the other hand, are always 
found where an outbreak of cholera is expected with eager 
attention ; there every case of diarrheea, vomiting, etc., no 
matter how insignificant, is tJiken notice of, and, if possible, 
ascribed to cholera. After the outbreak of cholera in Ham- 
burg, for instance, the patients sent to the Berlin hospitals 
on suspicion of cholera were strikingly numerous ; a some- 
what imaginative observer might unquestionably have seen 
the hand of the genius epidemicus in that. In reality, 
however, they were the usual cases of summer diarrheea, 
indigestion, alcoholic intoxication, etc., cases which, but for 
the fear of cholera, would not have been sent to the hospitals 
in such numbers at all. 

In Berlin, then, there were premonitory cases of diarrheea 
in sufficient number, yet no cholera followed; in Hamburg 
and Nietleben, on the other hand, where cholera broke out 
unexpectedly, they were wanting, and the much talked-of 
genius epidemicus showed no trace of himself just where his 
warning influence would have been quite specially in place. 
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The first case of cholera was observed at Nietlebeii on the 
14th of January 1893. One of the patients of the asylum 



Fig. 10. —The Distribution of the Cholera Casts in the Lunatic Asylum at XittIelK.ii. + Indicates 
the Cases that occurrtfl in the u|)ijer stury. 


Mati niia,' 
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fell ill quite suddenly of violent diarrhoea with vomiting, and 
died on the same day. The clinical symptoms were those 
of Asiatic cholera, the results of the autopsy agreed with 
them, and the cholera-bacteria were found in, the contents 
of the intestines of the corpse. 

This first case, which happened in the building marked 
A in diagram 10 (4 in diagram 3), was followed next day 
(the 15th) by six, all of which proved fatal, and by eleven 
more on the i6th, eight of which proved fatal. 

In direct contrast to the epidemics of 1850 and 1866, in 
which the cholera had begun at a definite point and only 
gradually crept on to the adjacent rooms and wards, it broke 
out this time suddenly in the most different parts of the 
establishment, both on the men’s and on the women’s side. 
The eighteen cases of the first three days occurred in eleven 
different wards and ten different buildings of the asylum. 
Diagram 10, in which they arc all entered, shows the local 
distribution of the cases, and the following table shows their 
sequence in point of time : — 



Of the 122 cholera-patients 63 were men (including three 
doctors), 59 women (including seven attendants and three 
wives of officials). 

In order to give a more exact view of the local and temporal 
distribution of the cholera, I add the following tabic, which 
names the various departments of the establishment, and 
states the number of beds in each department, the number of 
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its inmates on the day when the cholera broke out, and of the 
cases that occurred in it, with the dates of their occurrence: — 

1. The Men’s Side. 


Department. 

Number of Beds. 

Curable male patients’ 
house, lower sttny 
(A I.). 

3 <^ 

Curable male patients’ 
house, upper story 
(A II.). 

0 

Ciir.able male patients’ 
house, lower story 
(H I.). 

34 

Cural>lemale patients’ 

34 

house, upper story 
(H H.). 


Incurable male pa- 
tients’ house, lower 
story (C 1 .). 

20 

Incurable male pa- 
tients' house, upper 
story (C II.). 

5 * 

Incurable male ])a- 
lients’ house, lower 
story ( 1 ) I.). 

54 

Incurable male pa- 
tients’ house, upper 
story (D II.). 

46 

Men’s observation- 

30 

station (E). 

Men’s pavilion (F). 

33 

Men’s hospital (G). 

36 

Men’s receiving-station 

(K). 

Men’s pavilion ($). 

33 

44 

Men’s pavilion (T). 

44 

Men’s pavilion (U). 

44 

Men’s pavilion (V). 

44 

Men’s pavilion (W). 

44 


I 

2^11 
1 - C< 

3 o ’* 

'A o 


Choler.i-Cascs. 


:8 j 2 (Jan. 14, 24). 


34 I 4 (Jan. 23, 24, 24. 
24). 

33 4 (Jan. 16, 20, 23, 

i "^5). 

i8 * 4 (Jan. 16, 20, 23. 
I*cl). 10). 


48 : S (Jan. 19, 19, 22, 

I 22, 23). 

52 5 (Fa»- 20, 20, 22, 

, 22. 23 )- 

45 rU--*''- ' 7 . 17.20. 

20 , 20 , 21 , 22 ). 

i 

29 2 (Jan. iS, Eel). 4). 

32 ’ 7 (Jan. 157 16. 17, 

17, *7. *77 20). 

23 2 (Jan. 22, 22). 

32 7 (Jan. 15 , 15 , * 5 . 

16, 18, iS, 24). 

37 ‘ 5 (Jan. I 5 » i6i *6, 

20, 20). 

36 4 (Jan. 18, 24. 24, 

i 26). 

o ! I (Jan. 21), afcin.ilu ; "j 
attendant. j ' 

36 I I (Jan. 26), an in- j 
' curable patient 1 
employed in the j 
disinfecting* house. ; 

3 (Jan. 22, Eel). 1, ! 
13), three female j . 
attemlants. i J 


Kcnuii'ks. 


Seven patients of 
rhe lirst ami tin* 
seeoml class, with 
one attendant. 


.Sixteen patients of 
the liist and the 
second class, with 
two attendants. 


Used immediately 
after the outbreak 
of the cholera as 
a choleradiospital. 
The patients in 
V were removed 
to other depart- 
ments. 
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II. The Women’s Side. 


Department. 

Number of Beds. 

Number of Inmates 
on 14th Jan. 1893, 
including the 
Attendants. 

Cholera-Cases. 

■% 

Remarks. 

Curable female patients’ 

34 

31 

6 (Jan. 17, 22, 

The woman who 

house, lower story 



22,23,23,24). 

fell ill on the 24th 

(H I.). 




was an attendant. 

Curable female patierit.s’ 

12 

9 

0 

Kiyht patients of 

house, upper story 




the first and the 

(If II.). 




second class, with 





one attendant. 

Curable female patients’ 

32 

3* 

3 (Jan. 20, 20, 


house, lower story 



21). 


(j I). 





Curable female patients’ 

39 

38 

6 (Jan. 15, 16, ‘ 


house, upper story 



*7,«7, «9, 25)- 


(j II.). 





Incurable female patients’ 

43 

40 

4 (Jan. 17, 18, 


house, lower story 



23). 


(K I.). 





Incuiable female patients’ 

28 

28 

I (Jan. 26). 

T wenty- fi )ur pati ents 

liouse, upper story 




of the first and the 

(Kir.). 




second class, with 





four attendants. 

Incurable female patients’ 

47 

44 

12 (Jan. 19, 20, 


house, lower story 



21*, 21, 21, 22, 


(L I.). 



24, 25, 25, 28, 





31, Feb. 5). 


Incurable female patieiit.s’ 

42 

41 

5 (Jan. 16, 17, 

The woman who 

hou.se, upper story 



18, 24, 25). 

fell ill on the 

(L 11.). 




1 7lh was the upper 





attendant. 

Women ’s ol )ser vat ion- 

33 

33 

3 (Jan. 16, 19, 


station (M). 



20). 


Women’s hospital (N). 

24 

25 

2 (Jan. 17, 21). 


Women’s reeeivinj;-.>Hta- 

33 

34 

2 (Jan. 18, 23). 


tion ((.)), 





Women’s pavilion (T). 

44 

23 

0 


\\ omen’s pavilion ((^). 

4* 

42 

8 (Jan. 16, 16, 

The woman who 




16, 18, 19, 20, 

fell ill on the 24th 




24). 

was an attendant. 


III. The Okficiai-s’ Houses. 


Dep.'irt incut. 

ChoIera-Ca.ses. 

Remarks. 

First oificials* house. 
Thiril ofiicials’ house. 

The doctors’ house. 

2 (Jan. 17, 17). 

3 (Jan. 21, 24, 28). 

I (Jan. 2t). 

Wives of officials. 

Two doctors and the wife 
of an official. 

A doctor. 
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These tables and diagram 10 show without explan.ition 
that, with the exception of some parts, to which I shall 
return, the cholera was pretty equally distributed over the 
whole establi^mcnt, not only at first but also during the 
further course of the epidemic. The causes must therefore 
have acted not on certaiq buildings or certain groups of 
the inmates but on the whole establishment. In the case 
in question only the soil, the provisions, or the water could 
have exercised such a common influence. 

The soil was quite out of the question from the first. All 
the buildings stand on solid rock. The only ones that could 
possibly have been unfavourably influenced by the soil were 
the older edifices, which form a rectangle, aiul are groui)ed 
round the depression on the top of the porphyry kiH)ll 
(A, H, C, D, H, J, K, L, in diagram 10). Owing to the 
natural and artificial drainage of the de|)ression, a swelling of 
the underground water .seemed out of the (piestion ; but 
the loo.se soil with which the depression is filled was probably 
impregnated with sewage in former time.s, when the licjuid 
filth of the establishment was not yet removed by sewers, 
and one might have expected that this polluted .soil would 
influence the behaviour of the cholera in some way or other. 
Of this, however, there was not the slightest trace, for the 
cholera did not behave a whit otherwise in the oUler buildings 
than in the new ones, the rocky undersoil of which had never 
been exposed to unusual contamination. 

As regards the food-supply of the establishment also, careful 
inquiry failed to discover any ground for .supposing that the 
general infection had been transmitted by articles of nourish- 
ment. Mo.st of these articles were .supplied at the same time 
by the»purvxyors to the clinical institutions in Halle, without 
their being attacked by cholera; and among the cholera- 
patients in the a.sylum there were persons whose meals were 
not provided by the cstabli.shmcnt. 

The only possible explanation left was that the water had 
been the bearer of the infectious matter. From the first, 
indeed, there were weighty reasons against this assumption. 



126 The Cholera in Germany during tlu Winter of 1892-53. 

for, just in. this respect, the asylum was provided with 
apparatus which ought to have afforded adequate protection.* 
Supposing that the infectious matter of cholera had by some 
adcident or other been brought into the establishment, and 
had got into its sewage, it must have been retained by the 
filtering effect of the soil in the .sewage-fields ; and, even if 
the sewage-fields had let it escape, it must have remained^ 
on the surface of the sand-filters through which the water 
passed before entering the asylum. That the infectious 
matter should have surmounted these two obstacles, both 
of which, as experience taught, were able to keep it away, 
was not very probable. Nevertheless it was necessary to 
examine the filter-work and the sewage-fields, in order to 
ascertain whether they performed their functions in such 
a manner that they were really able to keep off the infectious 
matter. 

I have already minutely stated the results of the investiga- 
tion of the filter-work in my article entitled, “ Water- Filtration 
and Cholera.” It showed, to repeat the contents of that 
statement here in brief, that the work had indeed some faults 
of construction, but could under careful management have 
supplied water free of infectious matter. The management, 
however, was such that the water passed through the sand- 
filters almost unfiltered. Here, then, was a big gap in the 
sanitary arrangements for the protection of the asylum against 
infection. 

The function of the sewage-fields was not much better 
performed. They arc, on the whole, properly laid out, but 
have no basins to retain the dirty water in winter, when the 
ground is frozen and impervious, till the frost is over. The 
reason why no such basins were made when the sewage-fields 
were laid out probably was that, in case of need, the low- 
walled beds could serve in their stead. In this case one bed 
after the other must have been filled to its utmost capacity 
with dirty water. The surface of the beds is large enough to 

* The wells of the establishment had not to be taken into account, for they had 
been closed for half a year past. 
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admit of the dirty water’s accumulating on the sewage-fields 
during a long period of frost, and the fields could have per- 
formed their function properly even in the hard winter of 
1892-93. But I regret to have to sa)^ in this case too, jlist 
as in the case of the filter-work, that none of the persons 
concerned seem to have been acquainted with the proper 
^treatment of sew.age-fields ; for no attempt was made to 
accumulate the dirty' water on the fields during tlic frost. 
The consequence was that, as soon as the ground was frozen, 
the dirty water flowed over the surface, or in the larger clefts 
and mouse-holes of the fields, without getting any' cleansing 
worth speaking of from the soil. When I examined the 
sewage-fields, they' were coverefl with a pretty thick sheet of 
snow, under which the soil was frozen almost a metre dee|) ; 
and under the snow, but over the frozen ground, the dirty 
water flowed off without let or hindrance wherever it had 
made itself a way. The water which flowed to the sewage- 
fields and that which flowed froih them were repeatedly 
subjected to bacteriological investigation, and, as was to be 
expected under such circum.stances, were found not to differ 
essentially from each other. In one case, for instance, dirty 
water taken before it reached the sewage-land on the \yomcn’s 
side was found to contain 400,000 germs per cubic centimetre 
water taken at the same time from one of the beds 350,000, 
from a side-ditch 450,000, from the main drain ■j)ipe at the 
lower end of the .sewage-land, 470,000. 

This protective arrangement, accordingly, also proved 
utterly insufficient, and the infectious matter was free to cir- 
culate through the establishment with the stream of fluids. 
That this actually happened was irrefutably proved by the 
further bacteriological investigation, for the cholcra-bactcria 
were found at various points in this circulating stream. 
They were found on the women’s side in the dirty water 
at the place where it enters the .sewage-land, in the sewage- 
fields themselves, and in the water which left the sewage-land 
through the main drain-pi|x:, and on the men’s side too at 
the places where the water enters and leaves the sewage-land. 
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They were found in the water of the Wild Saale also below 
the mouth of the Saugraben (Sow ditch), in the filtered water 
of filter number II., and in a specimen of water taken from 
orife of the water-pipes in the asylum. t 

The fact that the proof of the presence of the cholera- 
bacteria succeeded so completely is unquestionably due in 
this case, as in that of the cholera-well in Altona, to the cir- , 
cumstance that the investigation was made so soon after the 
outbreak of the epidemic. 

The immediate cause of the explosive outbreak of cholera 
at Nietlebcn is thus rendered perfectly clear. The infectious 
matter must have been brought into the asylum in some way 
or other, then passed with the dirty water of the establish- 
ment over the frozen sewage-fields into the Saugraben, from 
the Saugraben into the Wild Saale, and from the Wild Saale 
through the water-conduit back to the asylum. The water 
was accessible to all the inhabitants of the establishment, and 
an explosive epidemic, attacking the whole asylum more or 
less equally according to the quantity of cholera-bacteria in 
the water, the relations of the inmates to the water, and their 
individual predisposition, was inevitable, and accordingly took 
place. 

In this case also the water cannot have remained the only 
source of infection. Among people so uncommonly sus- 
ceptible as the inmates of a lunatic-asylum arc secondary 
infections undoubtedly took place. As such I am disposed 
to regard some of the cases that occurred in the wards for 
incurables with their unclean patients, especially, for instance, 
in ward L I., where more than one-fourth of the inmates were 
attacked. The female attendants too who got the disease 
while engaged in tending cholera- patients in villas U and W, 
which were used as a cholera-hospital, were probably not 
infected by the water, but caught the infection directly from 
the patients. It is also probable that the three doctors who 
were attacked were infected in the same way. 

As the cholera-cases were most numerous in the parts of 
the establishment where opportunity was given for secondary 
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infections, so, on the other hand, they were most rare where 
the circumstances were less favourable to the transmission of 
infection. This was the case in wards A II., H II., and K 
II., in which first-class and second-class patients were kept. 
A II. with eight and H II. with nine inmates were entirely 
spared, and in K II., with its twenty-eight inmates, only one 
case occurred. The explanation of this phenomenon pro- 
bably is that the first-class and .second-class patients get more 
coffee, tea, and other beverages than those of the third cla.ss, 
and that they consequently came less into contact with the 
infected water. This explanation is contradicted, indeed, by 
the fact that four ca.scs occurred among eighteen persons in 
ward C I., which is also occupied by first-class and .second- 
class patients. Though one of these four cholera-patients, the 
last who was attacked, had l3ccn removed from D 1 . to C I. 
shortly before, and had probably caught the infection in D I., 
there still remain three cases, a .strikingly large number, and 
I have not succeeded in getting a satisfactory explanation of 
this. 

It is also a singular fact that the women’s pavilion P was 
entirely spared. Neither its construction nor its undersoil 
differs from those of the adjacent women’s pavilion O, and of 
the corresponding men’s pavilion S,both of which had numerous 
ca.ses. The only distingui.shing circumstance was that pavilion 
P was only half occupied when the cholera broke out, and its 
exemption was probably due to a certain extent to this. Put, 
whether this alone, or in combination with the circumstance 
that this pavilion had a specially careful attendant, who is .said 
to have given her charges boiled water only, suffices to ex- 
plain the phenomenon, is a question which I cannot decide. 

It remains to be mentioned that no case of cholera occurred 
in the gardener’s hou.se, which had five inmates. It is the 
only inhabited house of the c.stablishment which stands not 
on rock but on the alluvium of the valley, which is richly 
contaminated at this spot and subject to changes of moisture. 
According to the soil-theory it offered a particularly favour- 
able point of attack to cholera. The members of the 

I 
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gardener’s family get their water from a pipe of the water- 
conduit, which pipe comes nearly to the house. They ad- 
mitted too that they had drunk the water, but only in small 
quantities and after dinner. I am disposed,^ however, to 
attach less weight to this than to the small number of the 
inhabitants of the house. This circumstance may have saved 
them as well as the first-class and second-class wards, AIL 
and H II. 

After the investigation had proved to a certainty that the 
explosive Nietleben cholera -epidemic had been caused by the 
infecting of the water of the establishment, it was necessary 
to inquire further how the infectious matter could have got 
into the water-conduit. I have already indicated my opinion 
as to the immediate origin of the infectious matter, and that 
I suppose the infecting of the water to have emanated from 
the sewage-fields of the asylum. For the supposition that 
the Saale mtay have washed down the cholera-bacilli from 
places situated further up is at variance with the circumstance 
that no cholera-cases occurred above Nietleben. The assump- 
tion that the cholera was first brought to the asylum itself in 
an isolated case, and that this case then became the starting- 
point from which the infectious matter passed and repassed 
in a vicious circle through the establishment, therefore seemed 
the most plausible. This supposed first case, however, was 
not to be found, and a whole series of hypotheses as to the 
origin of the Nietleben epidemic, embracing pretty nearly all 
possibilities and impossibilities from the autochthonous origin 
of cholera to the itinerant young artisan, who was supposed 
to have privily deposited his cholera-dejecta on the bank of 
the Saale, have consequently cropped up. It is not my 
business here to discuss these hypotheses, and I shall restrict 
myself to reporting what may contribute most to the clearing 
up of this dark point. 

At the time when the cholera broke out at Nietleben the 
only cholera-focus from which the disease could be brought 
was in Hamburg-Altona ; but how should it have come from 
there in the middle of winter, and after skipping so many 
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places that lay between ? It coulil not have been brought 
by river-vessels, for the river-traffic, which does indeed j:jo 
from Hamburg up the Kibe and the Saale to above Nietle- 
ben, had boen in abeyance for about a month and a half 
owing to the ice. The only other possible bearers one 
could think of were goods or persons who had come from 
Hamburg. 

As all the traffic of the establishment, including especially 
the postal traffic, goes through the office, it was soon possible 
to ascertain that, except some letters, nothing had come to 
the asylum directly from Hamburg. And, even if gooils Iiad 
really found their way from Hamburg into the asylum, it 
would not have been admissible to brand them as bearers of 
cholera, for, as is well known, cholera has never yet been 
carried by commercial goods proper, and even during the 
great Hamburg epidemic not a .single such case couhl l>e 
proved, though great (luantities of goods were sent from 
Hamburg after the beginning of the epidemic. 

It follows that the infection can have been carried only by 
a person or persons, and this supposition seems to me the 
most probable. As the asylum receives its patients only fn)ni 
the Prussian province of Sa.xony, the patients may for the 
present be left out of account. Unless indeed the cholera 
had been brought from Hamburg to the province of Saxony 
by a mild ca.se, .such as were observed repeatedly at that 
time in the beggars’ inns of Hamburg, and some j)erson had 
been infected by this undiscovered case, and sent to the 
asylum soon after owing to mental di.sea.se. Instead of this 
somewhat complicated way, which, indeed, cannot be desig- 
nated as impo.ssible, but also not as quite probable, there is 
another and simpler way by which the disease may have been 
brought direct from Hamburg, namely, through the staff of 
attendants, which isalways more or less fluctuating. During the 
three months preceding the epidemic the a.sylum had engaged 
13 attendants of both sexes. None of them gave Hamburg 
as their last place of abode, but it came out by accident that 
a male attendant engaged from Halle had come from Hamburg 
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immediately before. He had stayed only a few days in Halle, 
in order to learn whether he would be employed at Nietleben, 
In the first days of his service at Nietleben he suffered from 
severe diarrhcea, which also would not have become known, 
had he not neglected to report himself in Halle, in obedience 
to the regulation still in force at the time, as having come 
from Hamburg. On being required to pay a fine to the police 
for this omission, he excused himself on the ground that he 
had felt too unwell to be able to report himself. It cannot 
be maintained without more ado that just this attendant, who 
moreover is said to have been in a Hamburg establishment 
which had remained free of cholera, brought the disease to 
Nietleben. He suffered from diarrhoea between the 5th and 
the 8th of December, and there would have been a strikingly 
long time between the introduction of the first germ of the 
disease and the outbreak of the epidemic. But this incident 
at any rate proves that direct personal intercourse took place 
between Hamburg and Nietleben in the period before the 
epidemic. The Hamburg epidemic died out at that time; 
many persons who had gone thither to find employment as 
attendants on the sick had to look out for other places, and one 
or other of the eight persons who were engaged for Nietleben 
in Halle during the period in question may have been in 
Hamburg shortly before. 

I cannot share the conjecture that has been put forward 
that the cholera was brought to Nietleben in the preceding 
summer, remained latent there for a length of time, and then 
suddenly broke out explosively ; for I cannot suppose that 
the infectious matter would have lain inactive somewhere or 
other, in the ground for instance, during the warm season so 
favourable to it, and suddenly awakened just at the coldest 
time, when the ground was frozen to a considerable depth, 
nor that, under circumstances so extremely favourable to 
cholera as those of the asylum were, it remained unnoticed 
for months through a chain of mild cases, in the bodies of 
the inmates for instance. 

After all that has been ascertained regarding the manner 
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in which cholera is carried from place to place, it still seems 
to me most probable that it was brought straight from Ham- 
burg by one or more of the attendants. 

It is to be* regretted that no full certainty could be obtained 
on this point It would be a great mistake, however, to 
conclude from this, as has actually been done, that the real 
essence of the question which the Nietleben epidemic puls 
to us has therefore remained unanswered, and that the whole 
investigation is therefore destitute of importance. It would 
certainly have been very agreeable, especially for non- 
experts, if one could have definitely named the person 
who is supposed to have brought the cholera to Nietleben, 
but the fact that this person has remained undiscovered does 
not create a gap involving the whole edifice in ruin. The 
present epidemic has taught us hundreds of times how 
cholera is spread by human intercourse, and, if once and 
away we do not .succeed in discovering the connection 
between various foci of pestilence, we must assume that in 
such a case also matters have gone just as in the over- 
whelming majority of cases in wliich the carrying of the 
infection was proved. It would be childish to demand 
that the investigators of cholera should either demonstrate 
every transmission of cholera under all circumstances and 
in spite of all the thousand complications of human inter- 
course, or else abandon their researches altogether. As to 
the Nietleben epidemic, we may regard it as perfectly 
certain that the cholera was brought from the Hamburg 
focus by a person or persons. The important experience 
gained in this epidemic, and the equally important lessons 
to be learned from that experience, do not lose one whit 
of their value because the infecting person himself could 
no longer be named, just as the Hamburg epidemic is 
not less instructive to us because the name of the Russian 
emigrant who carried the first cholera-germ thither cannot 
be given. 

As regards the measures taken at Nietleben for the com- 
bating of cholera, I have the following communication to make. 
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In summer 1892, when cholera broke out in Hamburg, 
the medical superintendent ordered that only boiled water 
should be used in all parts of the establishment, and, in 
order to have sufficient quantities of boiled ^^ater always 
in store, it was arranged that two large copper kettles 
in the common kitchen, containing 400 litres each, should 
be kept constantly at work boiling water. At first the 
boiled water is said to have been fetched from the kitchen 
in plentiful quantities b}^ the attendants, but in course of 
time the use of boiled water diminished to such a degree 
that shortly before the outbreak of the epidemic only two 
to three kcttlefuls, that is 800 to 1200 litres, were fetched 
in the course of a week. 

Immediately after the beginning of the epidemic this 
measure was again strictly enforced, and one to two kettle- 
fuls of water arc said to have been used daily since then. 

I cannot regard this arrangement as of any essential use. 
If people could get all the water they use in a boiled state, 
then indeed infection by water would be impossible. But, if 
orders are given to supply boiled water in a lunatic-asylum, 
while at the same time the patients are permitted access to 
the water used for bathing, for washing, for rinsing the closets, 
etc., and it is moreover a question whether all the attendants 
are conscientious enough to fetch the water from the boiling- 
place, the choice of the water will be for the most part 
determined by the better taste of the unboiled water or by 
the convenience of the attendant, and one must not suppose 
that such a measure provides a reliable protection against 
cholera-infection. 

Accordingly, when the real cause of the epidemic was dis- 
covered, it was resolved to cut off the asylum from the infected 
conduit-water as soon and as completely as possible. But 
insurmountable obstacles to the instant execution of this 
measure arose, and this case showed how extremely difficult 
it is suddenly to alter a centralised water-supply, which is 
connected with all the parts of the sphere which it provides, 
and has become, so to speak, part and parcel of its life and 
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activity. There was no want, indeed, of a substitute for the 
water to be excluded, for the city of Halle had at once 
declared its readiness to send twenty to thirty cubic metres 
of its conduit-water to the asylum daily in carts (which were 
used under ordinary circumstances for sprinkling^ the streets, 
and were very well adapted for the transj)ort of water), and 
had begun to fulfil its promise on the 20th of January. The 
quantity of water thus placed at disposal, however, served 
only to supply the kitchen and the wards, while the steam- 
boilers, the washing-house, and the closets had to be supplied 
with the infected water as before; and so there was nothing 
for it but to close the outlet-cocks in the wards, the kitchen, 
and other parts of the asylum used for domestic j)urposcs, 
and leave the ordinary water-supply uninterfereil with in 
all the other parts of the establishment. Very soon, however, 
it came out that, desj)ite the strictest orders of the medical 
superintendent, some of the attendants had used the keys to 
the water-supply still left in their |)ossession, in order to get 
conduit-water for their wards, evidently to save themselves 
trouble. It was observed too that asylum-patients went to 
the closets, and drank the rinsing water there. It was there- 
fore found nccc.ssary to shut off the watiT in the closets, and 
to take the water-keys from the attendants. It was not till 
the 25th of January that one could feel assured that the in- 
mates of the asylum really no longer got any of its conduit- 
water, and from that day forward the ef)idemic rapidly abated. 
Of course the shutting off of the conduit-water and the end 
of the epidemic could not be absolutely simultaneous. The 
shutting off was, as the above description .shows, only gradual, 
and could moreover have no influence on the cholera-cases 
which were not cau.scd by the infected water but by direct 
transmission, that is by secondary infection. But the favour- 
able effect which the shutting off of the conduit-water had 
is evident from the statistics, and becomes still more so, if we 
submit the cases that occurred after the 25th of January to 
somewhat closer inspection. 

On the 26th of January three persons fell ill, one of them 
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in the part of the asylum reserved for uncleanly patients 
(L I.). It was ascertained that she had drunk conduit-water 
three days before. The second of these three patients was 
an asylum-patient who had to carry the soiled linen from the 
cholera-station to the disinfecting-house, and probably caught 
the infection in performing this duty. 

Two cases occurred on the 28th. One of the patients was 
again one of the uncleanly asylum-patients of the department 
designated as L I. ; the other was the wife of the chief 
engineer, resident in the third of the houses for officials. She 
had been suffering from diarrheea since the 24th, and had 
had the water-cock open in her kitchen, and also used the 
water, till that day. 

On the 31st one cholera-case occurred, again in L I. 

The next case occurred on the 1st of February, and the 
patient was a female attendant occupied in nursing the 
cholera-patients. 

The next case, about which nothing particular is noted, 
occurred on the 4th, and the next on the Sth, again in L I. 

Then came a longish interval, after which, on the loth of 
February, a quite isolated case occurred, between which and 
the previous cases no connection whatever could at first be 
traced, till it was discovered to the general surprise that, 
despite all the precautions that had been taken, the patient 
had got access to the conduit-water. An attendant had turned 
on the rinsing water of the urinal with the key of the gas- 
conduit, which happened to fit the water-conduit too, and 
a stoker who was accidentally there at the time had seen the 
patients catching the water with their hands and drinking it. 

In consequence of this occurrence the medical superinten- 
dent had all the water-outlets soldered up. 

The last case occurred on the 13th of February, and the 
patient was a female attendant in the cholera-station. This 
case, like those of the other female attendants of that station, 
was probably due to direct infection. 

Though there were doubts at the beginning of the epidemic 
whether the disease really was Asiatic cholera, the medical 
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superintendent, duly recognising the danger, had taken all 
measures to prevent the spread of the pestilence to the 
neighbourhood so early as the second day. No patients were 
dismissed or received. The chief administrative oflicial of 
the district ordered that attendants who wished to leave the 
establishment should name their future place of residence. 

• In such a case the competent local authority was to be 
informed of the arrival of the persons suspected of cholera, in 
order that they might be subjected to mcilical observation 
for five days. Unnecessary visits were not permitted during 
the epidemic, and outsiders who had to enter the asylum 
were forbidden to cat or drink there. Other limitations of 
intercourse than these slight and perfectly reasonable ones 
were certainly not necessary. But, contrary to my advice, 
some further and quite harmless limitations were imposed by 
the city of Halle, evidently with a view to reassuring the 
inhabitants, who had been alarmed by the calamity which 
had so suddenly befallen Nietleben. 

The judicious quartering and isolating of the numerous 
cholera-patients was fortunately a matter of no insuperable 
difficulty. Two new pavilions (U and VV), situated apart 
from the other buildings, happened to be still unoccupied, 
and the circumstances admitted of the evacuation of a third 
pavilion (V) belonging to the same groiip of buildings, so 
that three houses were at disposal. The middle one (VV) was 
arranged as a cholera-hospital, one side for men, the other for 
women. The other two served as observation-stations for 
persons suspected of cholera (U for women, V for men). 

The detection of the patients affected with suspicious 
symptoms was not quite easy at first, for the asylum-patients 
refrained for the most part from reporting themselves ill, and 
the attendants noticed only the more striking cases of disturbed 
digestion. All the patients, including those who seemed quite 
well, were therefore required to use night-stools only, a regu- 
lation which had proved very useful in Hamburg under similar 
circumstances. Thanks to this regulation, even the slightest 
cases of diarrhoea no longer escaped observation. These cases 
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of course could not but be regarded as suspicious, and, as 
they were numerous, the observation-stations soon became 
alarmingly full. In Hamburg the suspected were always 
bactcriologically examined at once, and those ^who were not 
suffering from cholera dismissed as soon as possible, where- 
by the overcrowding of the observation-stations was easily 
avoided. At Nietlebcn, on the other hand, bacteriological • 
investigation was impracticable at first for want of apparatus 
and assistants. It was not till the ist of February that a 
bacteriological laboratory, established for this purpose in the 
asylum with all possible speed, was ready, and all suspicious 
dejecta could be regularly investigated. All the patients in 
the observation-station whose dejecta were free of cholera- 
bacteria were lodged first for .some days at an intermediary 
station, and sent back to their own wards only if they remained 
well there too. The bacteriological investigation very soon 
emptied the observation-stations at Nietlcben also, and at 
the same time afforded that sure knowledge of the real state 
of the epidemic which was so desirable. Before the ist of 
February the great number of the suspected occasioned no 
small disquietude, but from that day forward it was po.ssible to 
survey the cour.se of the epidemic, — a matter of .special im- 
j)ortance when an epidemic is approaching its close. 

At Nietlcben, just as in the Hamburg after-epidemic, the 
bacteriological investigation detected several cholera-cases 
which could not indeed be reckoned among the slightest, but 
yet among those which, owing to the slightnc.ss of the diar- 
rhoea, would not have been rccogni.sed with certainty as cholera 
by their clinical .symptom.s, and could at most have been 
designated as slight cholerine. It is also noteworthy that 
cholera-bacteria were found in the evacuations of two con- 
valescents .so late as about three weeks after they fell ill. 
Unfortunately these patients were not bactcriologically ex- 
amined from the first, so that the period during which the 
cholera-bacteria were able to maintain themselves in their 
intestines could not be ascertained to a day. But they con- 
firm an observation of high prophylactic importance which had 
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been made elsewhere, and teach that the danger of infection 
does not always cease simultaneously with the cholera-attack 
proper. 

Besides the' isolation of the cholera-patients, the disin- 
fection of the evacuations and of all objects soiled with 
them was as far as possible cfTected. The linen and clothes 
,were disinfected in steam-apparatuses, the fluid excrements 
partly by means of solutions of carbolic-acid-soap, partly 
by means of quick-lime. 

Towards the end of the epidemic, when only isolated 
cases occurred, the disinfecting of the sick-rooms could 
also be undertaken. For this purpose the several rooms 
or whole wards were evacuated, the wall.s, floors, bedsteads, 
etc. washed with a disinfecting fluid, the rooms copiously 
ventilated, and then re-occupied by the patients, who had 
meanwhile been b«athed and provided with disinfected linen, 
clothes, and bedding. If nevertheless a new case occurred, 
as, for instance, the above described cases did on the 5th 
and 10th of February, the whole procedure was repeated. 

The water-supply and the sewage-fields also demanded 
special attention. As it is not yet known how long the 
cholera-bacteria can remain viable in water or in the soil 
even in winter, the water-supply could not be restored to 
use without being disinfected. It seemed necessary to dis- 
infect the .sewage-fields also, for cholera-bacteria had been 
found in them repeatedly and at different places, and it 
was to be feared that, when thaw set in, they would be 
wa.shed in con.siderable quantities with the melted water 
into the Saale. 

The disinfecting of the water-conduit was not a matter 
of insuperable difficulty. Diluted lime-milk, a solution of 
carbolic acid, or a mineral acid might have been u.scd for 
that purpose. Carbolic acid was chosen, and a three-per- 
cent. solution of it was driven from the j^ump-shaft into 
all parts of the conduit, left there for 24 hours, and then 
washed out with Halle water. We arc ju.stified, I think, in 
assuming that a reliable disinfection was thus effected. 
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The fact that the conduit-water had an unpleasant taste 
of carbolic acid for a good while after might be adduced 
as a disadvantage of this method ; but carbolic acid is 
preferable to lime-milk, because it enables ^one to avoid 
with certainty the choking-up of the pipes, and to mineral 
acids, because it cannot injure their inner surfaces. 

The disinfecting of the sewage-fields was a much harder, 
task. The disinfecting of the whole surface was out of the 
question, owing to the very large quantity of the disin- 
fectants that would have been needed. Nor was it necessary, 
for the sewage had not spread over the whole field, but 
had only flowed in definite narrow channels. Lime-milk 
was therefore added to the sewage in large quantities 
till the reaction of the fluid in the main drain at the 
lower end of the field was strongly alkaline. Some . time 
afterwards, when the sewage-fields were researched for 
cholera-bacteria, none were found. They had disappeared ; 
whether in consequence of the disinfection, or of climatic 
influences — which seems to me more likely, — may remain 
an open question. 

TJiough all the excrements of the patients were disinfected 
as promptly as possible, undisinfccted dejecta must, quite at 
the beginning of the epidemic, have flowed into the sewage 
and with it into the Saale. Moreover it was doubtful whether 
all the infectious matter was reliably annihilated by the dis- 
infection, and whether it was impossible that cholera-bacteria 
got into the Saale even later. If these doubts were well 
founded, it was not impossible that the infectious matter had 
been carried on by the Saale, and that outbreaks of cholera 
would develop in the places situated further down that stream. 
It was necessary to take steps as promptly as possible to 
prevent the spreading of the pestilence in this way. The 
almost simultaneous occurrence of cholera-cases at several 
places on the Saale, and the discovery of cholera-bacteria 
in the sewage-fields and in the water of the Saale below 
Nietleben, very soon showed how well founded these appre- 
hensions were. 



77 ^ CJiolera in Germany during the Winter of 1892-93. 14 1 

But how was the propagation of cholera by the water of 
the Saale to be prevented? 

One cannot disinfect rivers ; at best one can draw the 
attention of thfe people who live on their banks to .the ilangcrs 
connected with the use of the river-water. This was done 
as impressively as possible ; the competent authorities not 
only warned the people against using the water of the Saale, 
\ut positively forbade it. They were well aware, indeed, 
that the prohibition could not really be enforced, and that 
its only real effect would be to make the danger appear 
to the population as one of special gravity. The greatest 
importance was attached not to the avoidance of infection, 
which could not be avoided, but to doing all that could be 
done to render new cholera-foci harmless as (juickly as pos- 
sible. For this purpose medical men, clergymen, teachers, 
heads of communities, gendarmes, in short all persons who 
might be expected to take an interest and especially an in- 
telligent interest in the situation, were called upon by an order 
of the district-government at Merseburg, valid for all places 
situated on the Saale, to notify every case of illness that 
looked at all like cholera. 

Very soon after the publication of the order such notifi- 
cations were received, and every case was at once examined 
on the spot by the medical officer of the Saale district, and 
bacteriologically investigated in the Hygienic Institute at 
Halle, in order that the real cholera-cases might be detected 
as quickly as possible. Wc have good reason to believe that 
this purpose was everywhere attained, and that the authorities 
were thus enabled energetically to attack the cholera-foci in 
the initial stage of their development by all possible means. 

The first place at which cholera appeared was Trotha, a 
village on the right bank of the Saale, five kilometres (a little 
more than three miles) below Halle. Three persons fell ill of 
cholera there on the 24th of January, and one of them died. 
A fourth case, due to secondary infection, ensued on the 29th. 

On the 28th a cholera-case was detected at Wettin on the 
right bank of the Saale, twenty kilometres below Halle. The 
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patient was a woman, who died some days later. She seems 
to have fallen ill on the 24 th, but had not sent fora doctor 
till the 28th, when her condition became worse. Researches 
set on foot at Wettin did not lead to the diifcovery of any 
other indubitable cases of cholera. In one case of illness, 
which looked exceedingly suspicious, evacuations for bacterio- 
logical investigation were no longer to be had. ^ 

At the village of Crollwitz on the left bank of the Saale, 
two to three kilometres below Nictleben, a suspicious case 
was notified on the 30th of January, and ascertained to be 
cholera on the same day. This was the first of six cases, two 
of which proved fatal. As five of the patients were members 
of one family, who did not fall ill simultaneously but at 
intervals of several days, the infection in some of these cases 
was doubtless secondary. 

The last of these outbreaks happened at another village 
on the left bank of the Saale, Lcttin (six to seven kilometres 
below Nictleben), where three cases were ascertained on the 
2nd, 3rd, and 4th of February, one of which proved fatal. 

If one seeks out these places on the map (diagram 2), 
where they arc underlined, it strikes one at once that they 
are all situated below Nictleben, some on the left, some 
on the right bank of the Saale. They arc not connected 
with one another by roads or other lines of communica- 
tion, and it has been proved that they have not the slightest 
mutual intercourse. The only possible medium of intercourse, 
the barge-traffic on the Saale, was completely excluded, for, 
except at some places where the current is unusually strong, 
the river was thickly covered with ice. None of the places 
had any connection with the Nictleben Asylum. The only 
thing they have in common is the use of the Saale water, 
and it was easily proved that, despite the above-mentioned 
strict prohibition, the water really was used in all of them. 

At Wettin holes had been made in the ice before the houses 
situated on the Saale, to make the water accessible ; and the 
carrying of water from the Saale into the houses could be 
prevented at last only by setting policemen to watch the bank. 
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At Crollwitz the accessible parts of the river had to be 
enclosed with board-fences for the same reason. ^loreovcr 
the patients at both places frankly confessed that they had 
used Saale wr^er for domestic purposes. 

At Trotha and Lcttin, on the other hand, it was maintained 
that the prohibition had been rijjorously enforced, and that 
nobody had taken water from the Saale. And yet at both 
•places the Saale water had played a part in the matter. The 
water had not, indeed, been fetched directly from the river, 
but it was proved that the patients had drunk from water- 
pipes conveying Saale water for the watering of cattle. At 
Lettin there was such a conduit for the sheep-farm of the 
domain, and the shepherd and a farm-servant, both (jf whom 
were attacked by cholera, had both drunk from it. In the 
dwelling of the shepherd, whose illness proved rapidly fatal, a 
child of his evidently caught the infection directly. 

The cholera-outbreak at Trotha was of a peculiarly interest- 
ing nature. The disease entirely restricted itself there to 
one house. But this house was a kind of workmen s bar- 
rack, inhabited by fourteen families consisting of 62 persons. 
Each family had one or at most two rooms at its disposal. 
The breaking out of cholera among this densely crowded 
mass of human beings, living under the most unfavourable 
hygienic conditions, was the more alarming as the same house 
had been most severely attacked by cholera in a | previous 
epidemic in 1866, and sixteen to eighteen deaths from cholera 
(I could not ascertain the exact number) are said to have 
occurred in it on that occasion. At the very first investiga- 
tion the striking circumstance was noted that three of the 
numerous inmates had fallen ill in quite different parts of the 
house, one on the ground floor, another in the middle story, 
the third in the upper story, and that the patients were all 
men ; women and children were entirely spared at first. The 
further inquiry yielded the following result. These workmen’s 
families, most of them from Upper Silesia, lived quite by 
themselves, had no intercourse with the city of Halle or the 
Nietleben Asylum, and but little even with the other inhabi- 



144 Cholera in Gennany during the Winter of 1892-^3. 

tants of the village. The patients had been employed in 
feeding the fattened cattle at a sugar-factory to which the 
house in question belonged, and here again there was a 
conduit conveying Saale water to the cattle-stales. A branch- 
pipe of this conduit, indeed, went into the house, and, under 
ordinary circumstances, all its inmates used the Saale water. 
Just at the time in question, however, the branch-pipe was 
frozen, and the Saale water went to the cattle-stalls only. The* 
women and children, therefore, were forced to use the water 
of the neighbouring wells, whereas the men, according to their 
own account, had drunk the conduit-water in the stalls. The 
one especially who suffered most severely, and died of cholera, 
is said to have drunk water in copious draughts after eating 
a large quantity of horse-sausage. 

What I have here reported of the cholera-outbreaks in the 
places on the Saale, and especially the behaviour of the disease 
in the individual outbreaks, at Trotha for instance, admits of 
only one interpretation, namely, that the infectious matter of 
cholera, whatever one may suppose it to be, was carried from 
place to place by water. In what other manner could the 
pestilence have found its way in hard midwinter, immediately 
after the Nietleben outbreak, into sequestered places, connected 
in no other way either with each other or with the cholera- 
focus, restricting itself moreover exclusively to places situated 
on the river? Whoever, in the face of these facts, persists in 
denying that water may be the bearer of the infectious matter 
of cholera is not accessible to the logic of facts at all. 

From the circumstance that the cholera did not go beyond 
Wettin, which lies thirteen to fourteen miles below the starting- 
focus, it might perhaps be inferred that, in winter at least, the 
cholera-bacteria cannot be washed to greater distances in a 
viable condition ; but this question cannot be decided by the 
instance before us for the following reason. At Friedeburg, 
a few kilometres below Wettin, the Schlenze, a little river 
coming from the west, flows into the Saale, bringing with it 
the water from the Mansfeld Mines with the Key-Gallery. 
The water of those mines, owing probably to the lixiviation 
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of subterranean salt-beds, has for some time past been so ricl^ 
in salt that the water of the Schlenze contains about ten per 
cent of comqjon salt at the place where it flows into the Saatc. 
In consequence of this the Saale water below Fricdcburiv is so 
salt that it is of no use, at least for domestic purposes. There 
it is not necessary to station gendarmes on the bank, or to 
I erect fences, in order to keep away tlic people from the river. 
From there downwards the water prohibits its use itself, and 
it is very probable that the non-appearance of cholera at the 
places below Friedeburg was due to this circumstance much 
more than to the dying of the cholera-bacteria. 

At all the places on the Saale where cholera broke out 
the measures which had proved so cfllcacious the year before 
were energetically enforced. The patients were i.solatcd ; 
the members of their families and other persons open to 
the suspicion of being infected were carefully observed, and 
bacteriologically examined on the a|)pcarancc of the slightest 
disturbances of digestion, and the excrements, linen, and sick- 
rooms of the patients were disinfcctctl. 

Special difficulties had to be contended with at Trotha, 
where shelter had suddenly to be found for about fifty people, 
whom it was impossible to leave any longer j>ackcd together 
in the workmen’s barracks. The only way out of the difficulty 
was to arrange the school-house for this purpose, and this was 
done with all possible promptitude. Only the patients and 
their families remained in the house. Among the latter only 
one fresh case occurred, that of a boy who had evidently 
caught the infection at the very first in helping to nurse his 
father, who was severely ill of cholera, in a dirty little room. 
Among the inmates who were taken to the school-hou.se not 
a single case occurred. 

Thanks to the indefatigable exertions that were made on 
all hands, among which the self-sacrificing labours of the chief 
administrative official and the medical officer of the Saale 
sub-district deserve quite special recognition, the new cholera- 
foci were all nipped in the bud ; and the spread of cholera, 
first down the Saale from Nietleben, and then, as was to be 

K 
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expected if these efforts had not been made, over wider 
districts of the province of Saxony, was prevented. 


If one has to occupy oneself with the Nietleben cholera- 
epidemic, the question forces itself upon one whether this • 
calamity, which cost a not inconsiderable number of human 
beings their lives, could not have been prevented. Certainly 
it could. All that was necessary was to take care that the 
in themselves expedient sanitary institutions of the establish- 
ment, the waterwork with its filters and the sewerage with the 
sewage-fields, performed their functions properly. I should 
like to protest beforehand against any attempts that may 
possibly be made to derive from the failure of the Nietleben 
filters and sewage-fields arguments against the expediency of 
these institutions in general. In my essay on “ Water-Filtra- 
tion and Cholera ” I have already said what I have to say as 
to how one must judge in future of water-filtration in connec- 
tion with our latest experience of cholera ; and, with reference 
to the irrigation-method, I wish to say that I regard the 
treatment of sewage by means of irrigation, judiciously carried 
out, as the best cleansing method we yet possess. The failure 
of the filters and the sewage-fields to do what was expected 
of them was due not to themselves but to their defective 
treatment. It seems to follow that those under whose manage- 
ment and superintendence the sanitary institutions of the 
establishment were placed must be made resjDonsible. But I 
do not believe that this would be just. Not individual persons 
are to be blamed for the disa.ster in question, but the circum- 
stances under which we arc now living. 

One cannot possibly require that the medical^ superin- 
tendent of a lunatic-asylum or the’ technical official of the 
government should, in addition to the special knowledge 
demanded of them, be better hygienists than are some 
professors of hygiene, whose insight into the finer processes 
of filtration in sand-filters and in the soil is still defective. 
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In general the demands on the hygienic responsibility of 
the medical superintendents of asylums and the like must 
not be exaggerated. There are certain kinds of knowledge 
which are not acquired in the ordinary course of hygienic 
study calculated for medical practitioners, and which also 
cannot be got out of books, but only by special studies 
and by experience gained in practice. In this province of 
things the responsibility of medical men who have under- 
gone the ordinary hygienic training ceases, and one has 
just as little right to call the medical superintendent ol 
an asylum to account for an explosion of cholera due to 
mistakes that have been made in filtration and irrigation 
as for the explosion of a steam-boiler in his establishment 
in conseciucnce of some easily recognisable and avoidable 
mistake. 

There is only one remedy, a remedy to which 1 already 
pointed on a former occasion, and which 1 should like to 
advocate once more as urgently as possible here, namely, 
the State-Supervision of such works by special experts, 
thoroughly versed in all the circumstances connected with 
them, and possessed of the necessary experience which con- 
stant practical contact with them affords. 

But will the State consent to undertake this task ? 
Judging from what I can see of the circumstances, I do 
not believe that it will do so soon. The resolution will 
certainly have to be taken sooner or later, but the whole 
question is not yet considered ripe for discussion. Among 
persons in whose hands the decision lies one always hears 
the opinion that men of science are not yet agreed among 
themselves, and that it is therefore impossible as yet to 
assume a definite attitude towards this quc.stion. The 
bacteriologists, they say, indeed maintain that cholera and 
enteric fever can be spread by water, but others whose 
authority is not inferior to theirs dispute that, and it is 
not even known yet whether the cholera-bacteria really arc 
the cause of cholera, and whether, in the combating of 
cholera, they deserve to have such attention paid them as 
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the bacteriologists advise. How deeply rooted such opinions 
are is most clearly evident from the fact that the principle 
was laid down not long ago that the chairs of hygiene 
should be filled alternately by hygienists whef are at the 
same time bacteriologists and by hygienists of the opposite 
way of thinking, that is, of course, hygienists who attach 
no importance to bacteriology. 

But who are the men of science who are said not to agree 
as to the importance of the cholera-bacteria ? Of course they 
can only be people who have occupied themselves with 
bacteriology, that is the so-called bacteriologists. Now I 
can maintain with certainty that there is no bacteriologist of 
name existing who docs not admit the cholera-bacteria to be 
the immediate cause of cholera. Even the Munich School, 
which persisted longest in opposition, has had quite gradually 
to consent to allow them at least the part of X in the well- 
known equation with three unknown quantities. The only 
question as to which the men of science who are alone 
competent to judge of this matter differ is, what further 
auxiliary factors, acting in the human body and outside of 
it, arc to be admitted, and to what extent. But, as regards 
the real main question, men of science are completely at one. 

Those men of science, then, who pooh-pooh the cholera- 
bacteria are not bacteriologists ; their science has its roots in 
some other field. But they have a great advantage in the 
discussion of the cholera-question. They do just as other 
people do who understand nothing of a matter ; they speak 
about it with a definiteness and certainty which cannot 
but powerfully impress and has always hitherto powerfully' 
impressed the non expert, that is in this case the non- 
bacteriologist. By the medical public and by the official 
bodies which have to do with cholera they arc therefore 
regarded as authorities, as “ men of science,” who have not 
yet arrived at agreement with the other men of science. 

There are no tokens yet to justify the hope that non- 
bacteriologists will cease to put in their word on these 
questions, and to bring ever new confusion into the minds 
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of the public at large. Von Pettenkofer at least, who, as 
he himself emphasizes on every occasion, has not occupied 
himself with bacteriology, declared in his very last publication 
against the standpoint now assumed by all bacteriologists, 
and even by his own pupils,* and dismissed the bacteriological 
side of the cholera-question with jokes about “bacillus- 
catching” and the “impossibility of making human inter- 
course fungus-proof,” though he ought to know very well 
that the measures now taken against cholera arc not based 
on the principle ot making human intercourse fungus-proof. 
It is to be hoped that, after our experience in the last ci)idemic 
of the measures so obstinately combated by him,f he has 
already convinced himself that they arc not so bad after 
all as he imagined. 

Should Von Pettenkofer nevertheless persist in his attitude 
of opposition, I should understand that, not indeed from the 
scientific but from the human point of view. U must be 
extremely difficult for him, bound up and grown old with the 
opinions advocated by him during a long series of years with 
the greatest expenditure of genius and sagacity, to sever 
himself from them, at least in part. Hut it is unintelligible 
to me that a man like Liebreich, who also has not occupied 
himself with bacteriology, and who in fact, as almost every 
sentence of his recent lecture to the Herlin Medical Society J 
proves, docs not understand bacteriology at all, who, more- 
over, has evidently never made even a single bacteriological 
investigation of cholera-dejecta himself, can undertake to 
pronounce a verdict of condemnation against the ba^-tcrio- 
logical cholera-diagnosis in particular, and against bacteriology 
and its past achievements in general. What is likely to 
be the result if, on the one hand, the men of science in the 

* Emmerich, who made the well-known experiment of swallowing cholera* 
Imcteria along with Von Pettenkofer, has in a recent publication adnnttcil the 
cholera-bacteria to be the cause of cholera. 

t I mean of course only those measures which were advi cd by medical men, 
not those which were ordered by some official bodies in thi ir overreal over and 
above. As regards the latter I entirely agree with Von Pettcnkrifcr. 

t German Medic.il Weekly, 1893, No. 26. 
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department of bacteriology take all imaginable pains to prove 
that the purity of filtered water must be bacteriologically 
tested, while, on the other hand, the man of science Liebreich 
declares : “ Bacteriology has thrown no new light on the 
water-question ; good water was demanded in former times 
as well as now ; we knew long ago that putrid water makes 
people ill.** Is that not sowing confusion with all one’s 
might ? 

I fear that, so long as such words are spoken, people in 
power will keep always repeating : “ Men of science are not 
agreed yet, and everything must remain as it is for the 
present.” But if then, as I also fear, such catastrophes as 
those of Hamburg and Nictlebcn continue to befall us, people 
will have to thank those “ men of science ” for it, who vindi- 
cate for themselves the extremely responsible office of talking 
of things they know nothing about. 
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A Letter to the People of Scotland on the Reform of 

their Academical Institutions. Demy 8vo, Od. 

Ohristianlty and the Ideal of Humanity in Old Times 

and New. Small cr. 8vo, 8s. (kl. 


A Pew Words about Drawing for Beginners, after a 

long experience of its diftlcnltifs. By J. B. (Mrs. IIuuii Blackiu:rn), autlior of 
“Caw, Caw," etc. Cr. Svo, Illustrated, Is. (kl. 

Love Revealed : Meditations on the Parting Words of 

Jeaua with His Disciples, in John xiii xvii. By the Bev. (Jkokoe Bowkn, 
Missionary at Bombay. New Edition. Binnll 4to, .‘is. 

“ No true Christian could put the book down without lliuliiig in himself some 
traces of the blessed unction which drops IVoiu every ptiKc."— iiVcord. 

“A more stimulating work of its class has nut appeared for many a long day." 
—Scotman. 

Dally Meditations by Rev. George Bowen, Missionary 

at Bombay. With Introductory Notice by Ki‘V. W. Hanna, B.I)., Author of 
*'The Last Day of our Lord's Passion." Ninth Edition. Small 4to, cloth. As. 

“These meditations are the iiroduction of u missionary wliose nientnl history is 
very remarkable. . . . His conversion to a religious life is umloubtcdly one of the 
most remarkable on record. They aru all distini;.Mnshi>d by a tone of true piety, 
and are wholly ft'ee ft'om a sectarian or controversial bias."— J/orn fay ruM. 

Works by John Brown, M.D., F.R.S.B. 

HoR.li SuRSECiv^. 3 Vols. 22s. Otl. 

Vol. I. Locke and Sydenham. Sixth Eilition, with Portrait by James Faod. 
Crown Svo, 7s. Cd. 

Vol. II. Bab and Ills fiends. Fifteenth Edition. Crown Svo, 7s. Ad. 

Vol. III. John Lccch. Sixth Edition, with Portrait by Sir George Reid, 
P.R.S.A. Crown 8vo, 7s. (kl. 

Separate Papers, extmefeti/rom “ /fora: Suhsecivfr." 

Rab and his Friends. With India-proof Portrait of the Author after Faed, and 
seven Illustrations after Sir G. Harvey, Sir Noel Pntoii, Mrs. Bliickhnrn, 
and Sir George Reid, P.R.S.A. Demy 4to, cloth. Os. 

Marjorie Fleming : A Sketch. Being a Paper entitled “ Pei .Marjorie ; A Story 
of a Child’s Life Fifty Years Ago." New Eilltloii, with lllnslmtlons. Demy 
4to, 78. Od. and Os. 

Rab and uie Friends. Cheap IlhLstratcd E<litioii. Square 12inn, oriiainental 
wrapper, Is. 

Letter to the Rev. John Cairnh, D.D. Second E«lil.lim, crown Svo, sewed, 2s. 
Arthur II. Hallam. Fcap,, sewed, 2s. ; eloth, 2s. tkl. 

Rab and his Friends. Sixty-ninth thon.sand. Fcap., sewed, C<1. 

Marjorie Fleming : A Sketch. Twentieth Thousand. Fcap., nowed, Od. 

Our Does. Twenty-tlrst thousand. Fcap., sewed, 0«1. 

“With Brains, Sir." Seventh thoiiHaiid. Fcap., sewed, Gd. 

Minchmoor. Tenth Thousand. Fcap., scwmI, Oil. 

Jebms the Door-Kkbfer : A Lay Sermon. Twelfth thousand. Price Od. 

The Entbrkin. Seventh Thousand. Price Oil. 

Plain Words on Health. Twenty-seventh thousand. Price Od. 

SOMETHINO about A WELL! WITH MoRB OF OUR DuOS, PrlcC Od. 

Dr. John Brown and his Sister Isabella : Outlines. 

By E. T. M’Laren. Fcap. Svo, Is. 0*1. Also 4th Edition, with three PoKralts, 
am. 4to, 58. 

From Sohola to Oathedral. A Study of Early Ohiistian 

Architecture in its relation to the life of the Church. Uy 0. Baldwin-Brown, Pro- 
fessor of Fine Art in the University of Edinburgh. Demy Svo, Illustrated, 7 m. Od. 

The book treats of the beginnings of Christian Architecture, from the {Hjint of 
view of recent discoveries and theories, witli a special reference to the outward 
reaemblance of early Christian communities U) other religious associations of 
the time. 
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Gheorge Buchanan : Humanist and Beformer. A Bio- 

gra^y. By P. Hume Brown. 1 voL demy 8vo, 128. 

Early Travellers in Scotland, 1296-1689. 

Edited by P. Hume Drown. Demy 8vo, 148. 

** There is, indeed, hardly a page in the whole volume that is without itf value, 
whether it ia customa or institutions, the position of women, the state of law and 
Jnstico, architecture, dress, and food, tournaments, the chase, climate, or scenery 
—in brief, on whatever point of interest the reader may turn to tiiese pages for 
information he can count ujMn receiving it**— Anti-Jacobln, 

Tours in Scotland, 1677 and 1681. 

By Thomas Kirk and Ralph Tiioresby. Edited by P. Hume Brown. Demy 
8vo, 6s. 

Scotland before 1700 from Contemporary Documents. 

Edited by P. Hume Brown. Demy 8vo, 14s. 

The Capercaillie in Scotland. 

By J. A. Harvie-Brown. Etchings on Copper, and Map llluatrating the extension 
of its range since its Restoration at Taymouth in 1837 and 1888. Demy 8vd, Sb. 6d. 

A Vertebrate Fauna of Orkney. 

By J. A. Harvie-Brown and T. E. Buckley. Small 4to, Illnatrated. 80 b. 

** A worthy successor to the works by the same authors on the Faunas of 
Sutherland and Caithness and of the Outer Hebrides.*— iiaenawm. 

A Vertebrate Fauna of Argyll. 

By J. A. Harvie-Brown and T. E. Buckley. Small 4to, Illuatrated. 30s. 

The History of Selkirkshire : Chronicles of Ettrick Forest. 

By T. CraiO’Brown. Two vols. Demy 4to, Illustrated. £4, lOs. net. 

John Burroughs’s Essays. 

six Books of Nature, Animal Life, and Literature. Choice Edition. Revised by 
the Author. 6 vols., cloth, in box, 12b. ; or in smooth ornamental wrappers, 
6 b. ; or separately at Is. each vol., or 2s. in cloth. 

Winter Sunshine. | Fresh Fields. 

Locusts and Wild Honey. Birds and Poets. 

Wake-Robin. | Pepacton. 

" Whichever essay I read, I am glad I read it, for pleasanter reading, to those 
who love the country, witli all its enchanting sights and sounds, cannot be im- 
agined. ’’—Spectator. 

*' Mr. Burroughs is one of the most delightful of American Essayists, steeped in 
culture to the linger-onds.”— PoWMaM Gazette. 

Fresh Fields. By John Burroughs. Library Edition. Crown 8vo, 08. 

Signs and Seasons. Library Edition. Crown 8vo, 6s. 

But How— If the Ghospels are Historic 9 An Apology for 

Believing in Christianlsm. By the Author of "If the Gospel Narratives are 
My thioal, What then ? Crown 8vo, 6s. 

Dr. Sevier : A Novel. 

By Geo. W. Cable, Author of "Old Creole Days,” etc. In 2 vole., crown 8vo, 
price 12s. 

Old Creole Days. Oy Geo. W. cable. 1b. ; and in cloth, 28. 

" We cannot recall any contemporary American writer of fiction who posaesaes 
some of the best gifts of the novelist in a higher degree.”— Jamez^$ GateUe. 

Madame Delphine. 

By Geo. W. Cable, Author of " Old Creole Days.” Is. ; and in cloth, 28. 
Contente.— Madame Delphine— Clmincro— Grande Points. 

Memoir of John Brown, D.D. 

By John Cairns, D.D., Berwick-ou*Tweed. Crown Svo, 7a. fid. 

My Indian Journal 

Oontainlng Descriptions of the prinefiwl Field Sports of India, with Notes on tht 
Natnral History and Habits of the wild Animals of the Country. Bj Colonel 
Walter Campbell, Author of "The Old Forest Banger.” Small demy 8vo, with 
lilustrationa by Wolf, Ifia. 
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Life and Works of Rev. Thomas Chalmers, D.D., LLD. 

Hbmoirb or THE Rev. Thomas Chalmers. By Uov. W. Hanna, 1). D., LL. D. Now 
Edition. 2 vols. crown 8vo, cloth, 12s. 

Daily Scripture Readinos. Cheap Edition. 2 vols. crown 8vo, 10s. 
Astronomical Discourses, Is. 

Oommbrcial Discourses, Is. 

Brlegt Works, in 12 vols., crown 8vo, cloth, per vol. 6s. 

Lectures on the Romans. 2 vols. Sermons. 2 vols. 

Natural Theology, Lectures on Bnilcr’s Analogy, etc. 1 vol. 

Christian Evidences, Lectures on Paley’s Evidences, etc. 1 vol. 

Institutes of Theology. 2 vols. 

Political Economy, with Cognate Essays. 1 vol. 

Polity of a Nation. 1 vol. 

Ohnrch and College Establishments. 1 vol. 

Moral Philosophy, Introductory Esitays, Index. ct<7. 1 vol. 

The Oorrespondenoe between Dr. Chalmers and the Earl 

of Aberdeen Tn the years 183ii and 1840. Crown svo, is. 

Lectures on Surgical Anatomy. 

By John Cuikne, M7i>., Professor of Surgery in the University of Kilinburgh. 
IndeniySvo. With numerous lllttstmtions drawn on Stone by liKit.iKAr. 12s. 6d. 

Lectures on the Elements or First Principles of Surgery. 

By John Chieke, M.D., Professor of Surgery in the University of I'Minlnirgh. 
Demy 8vo, 2s. M. 

The Odes of Horace. 

Translated by T. IluTiiEuruRD Clark, Advocate. 16mo, Cs. 

Oircuit Journeys ft*om 1837 to 1864. 

By the late Lord Cockbuun. I vol. enmii Svo. Seroml Kdiiloii. 6s. 

“These Journals are ehietly valuable for tluor topographical tlescrlpt Ions, ami 
they form an Indirect eontributbui t»» the Social History of Scotland. They will 
ho read with pleasure by every one who has enjoyed Lord CoeklmrirH Mnnorinlt^ 
to which work indee«l tliey form an liit<?resliug and wortiiy supplement.’’— 
Seotman. 

Archibald Constable and his Literary Correspondents : 

A Memorial. By his S<»n, Thomas C<in.htamlk. 3 vols. <leniy 8vo, with J’or- 
trait, 3(»s. 

Seeking the Sun : An Egryptian Holiday. 

Being Letters reprinte<l from the Srtitsman, By Ciiaiilks A. Cooi'kr. Crown 
Svo, Ss. 6d. 

Horses in Accident and Disease. 

By J. Roalfe Cox. Demy 8vo, lllii.stnited. 5 h. 

The Earldom of Mar, in Sunshine and in Shade, 

Five Hundred Years. With ineidenial Notices of the b ailing Casi -i 
Dignities from the reign of KiiigOhailes I. till now. By Alexander, Earl or 
Crawford and Balcaurks, I-<»Ru Lind.sat, etc. etc. 2 vols. demy bvo, 328. 
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In Bea'ver Cove and Elsewhere. 

By Matt Crim. Is. paper, or 2s. cloth extra. 

A Clinical and Experimental Study of the Bladder 

during Parturition. ByJ. U. Croom, M.B., F.II.C.P.E. Mmall4to, with lllua* 


Wild Men and Wild Beasts. 

Adventures in Camp and Jungle. By Lieut.-Colonel Gordon Gumming. 
llloatrationa by Lieut -Colonel Baiorie and others. Hiiiall 4to, 24b. 

Also a cheaper edition, with LilhogroiJiic Illustrations. 8vo, 12 m. 


With 


Prue and I. 

By Okoegc William Curtis. Is. pa|)cr ; or 2s. cloth extra. 

raie story of Burnt Njal; or, Life in Iceland at 

of the Tenth Century. From the Icelamllc of the NJals Saga. By 8lr OcoRos 
WCBBE Dabbnt, D.C.L. 2 vols. demy Svo, with Maps and Plans, 28s. 
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Qlsli the Outlaw. 

From the Icelandic. By Sir George Webbe Dasbnt, B.C.L. Small 4to, with 
Illuatraiions, 78. 0d. 

Popular Tales from the Norse. 

By Sir George Webbe Oasent. D.C.L. With an Introductory Esaay on the 
Origin and Diffusion of Popular Tales. Third Edition. Crown 8vo, lOs. 6d. 

Memories of a Longf Life. 

By Lieut. -Col. Davidson, G.B. Second Edition. Grown 8vo, 48. 0d. 

A Ohat in the Saddle ; or, Patroolus and Penelope. 

By TiiEo. A. Dodge, Lieat.*Colonel, United States Army. Illustrated by 14 
Instantaneous Photographs. Demy 8vo, half-leather binding, 218. ' 

The Fireside Tragedy, eto. 

By Sir Geo roe Douglas, Bart. Fcap. 8vo, Ss. 

A Short Introduction to the Origin of Surnames. 

By Patrick Dudgeon, Cargcn. Small 4to, 3s. Od. 

“Maos” in Galloway. 

By Patrick Dudgeon. Fcap. 8vo, price (kl. 

Veterinary Medicines : Their Actions and Usea 

By Finlay Dun. Eighth Edition, revised and enlarged. Demy 8vo, 15s. 

Social Life in Former Days; 

Chiefly in the Province of Moray. Illustrated by Letters and Family Papers. By 
E. Dunbar Dunbar, late Captain 2lst Fusiliers. 2 vols. Demy 8vo, 19s. 6d. 

Letters of Thomas Erskine of Linlathen. 

Edited by William Hanna, D.I)., Author of the ** Memoirs of Dr. Chalmers/* etc. 
Fourtli Edition. Crown 8vo, 7s. 6d. 

By the tame Author. 

The Brazen Serpent: 

Or, Life coming through Death. Third Edition. Crown 8vo, 5s. 

The internal Evidence of Revealed Religion. 

Crown 8vo, 5s. 

The Spiritual Order. 

And otlier Papers selected from the MSS. of thelate Thomas Erskine of Linlathen. 
Third Eiiition. Crown 8vo, Ss. 

The Doctrine of Election, 

And its Connection with the General Tenor of Christianity, illustrated especially 
from the Epistle to the Uomans. Second Edition. Crown 8vo, 6s. 

The Unconditional Freeness of the Gospel. 

Fourth Edition. Crown 8vo, Ss. 6d. 

The Fatherhood of God Revealed in Christ, the Comfort 

and Hope of Man. A Lesson from **The Letters” of Thomas Erskine of Un- 
latlieu. Fcap. 8vo, Is. 

Three Visits to America. 

By Emily Faithfulu Demy 8vo, 98. 

Ogham Inscriptions in Ireland, Wales, and Scotland. 

By the late Sir Samuel Ferguson, President of the Royal Irish Academy, 
Deputy Keeper of the Public Records of Ireland, LL.D., Queen's Counsel, etc. 
(Being the Bnlud Lectures In Archeology for 1884.) 1 vol. demy 8vo, 12s. 

Twelve Sketches of Scenery and Antiquities on the 

Line of the Great North of Scotland Railway. By Sir Gkorgb Reid, P.R.8.A. 
With Illustrative Letterpress by W. Fbbouson of Kinmundy. 4to, 158. net. 
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Guide to the Great North of Scotland Railway. 

By W. Feroubom of Kiiimundy. Crown Svo ; paper. Is. ; cloth, Is. Oil. 

Robert Ferfiruson “The Plotter” ; or, The Secret of the 

Rye House Conspirai'y and the Story of a Strange Career. By James PEiiavsuN, 
Aavocato. A Biogni]>liy of uno of the stiuiigest ligiires of English Polities in the 
l^od between the Restoration and the Aeecssion of the House of Hanover, 
Demy Svo, 15s. 

The Laird of Lagr : A Life-Sketch of Sir Robert Grierson. 

By Alex. Ferousson, Licut.-Ooloncl, Author of "Mrs. CalderwotKl's Journey." 
Demy Svo, witli Illusti-atious, 12s. 

Major Fraser’s Manuscript : His. Adventures in Scotland 

and England: His Mission to and Travels in Franco : His Uervicos in the Rebel* 
lion (and his Quarrels) with Hiinon Fraser, Lord ijovat. ltil'G-17S7. Edited by 
Alee. Ferousson, Lieut. -Cidouel. 2 vols. feap. svo, 12k. 

L'Histoire de Franco. 

Far M. Lame Fleury. >’e\v Edition, corrcctod to 1SS3. ISino, cloth, Ss. Od. 

The Deepening of the Spiritual Life. 

By A. P. Forbes, D.C.L., Bishop of Bruehin. 8i^vcnlh Edition. Paper, Is. ; cloth. 
Is. 6d. 

Kalendars of Scottish Saints ; 

With Personal Notices of those of AIlsi. ete. By Alkxandkr Pknrork Fohbks, 
D.C.L., Bishop of Brechin. 4to, price .C:i, A few copies for sale on largo 
paper, A5, 15s. (hi. 

Missale Drummondienso : The Ancient Irish Missal in 

the possession of the Baroness Wilh»nglihy d’Ereshy. Editod by I ho Rev. U. II. 
Foubrs. llalf-iiioroceo, demy 8vo, 12s. 


Fragments of Truth : 

Being the ExiJosiiloii of several rassnge.H of Scripture. Third Edition. Ee. fcop. 
Svo, 5s. 

The Protection of Woodlands against Dangers arising 

from organic and inorgaiiie eanscH, as re-ununKi d f«»r tlio Itmrth edition of 
Kauschinger's “ W'aldHehiitz," by IIkhmann FHiist, l).(i:r., Dlreetor of the 
Ihivaiiaii Forest Institute at Amdittireiduirg, tnmslnti d by J(»iin Nimubt, H.(Kr., 
of- the Indian Forest Service, Author of “ British Forest Trees, and thuii 
Sylvicultural Chanict('ri.stics and Treatment.*’ Ib’iny svo. Illust rated, 1 »h. 


Studies in English History. 

By JamrsOaironkii and JAMIES Hi'kddim:. Demy hvo. 12s . , . 

Cowtewtf.— The Lollanls— Sir .Jolm Falstnlf -KathiTiuo of An agon h First and 
Second Marriage.s— Caseof Sir Thomas Overbiiry— Divine Right of Kings-Siindny, 
Ancient and Modern. 

The Birds of Heligoland. .... 

A Record of Fifty Years' Ornithological Observatinn.H on the Island; with 
Chapters on Migration, and on Changes of Colour in the Plumago of Birds. By 
Heinrich Oatkk, Honorary Memlwr of Urn British Ornithologists Union, etc. 
Translated by Ri:m>i.|'II Ib^'^KNMToiK, M.A., Oxon. DemyHvo. 

[In Frfjniiithv. 


Gifts for Men. 

By X. H. Crown Svo, (i.s. 

" There is hardly a living theologian who might not be proud to claim many 
of her thoughts as his own."—Gia«go«» Herald, 


Sketches, Literary and Theological : 

Being ScUr.tioiis from the uiipublishcil MHH. of the Rev. OBOIIOE OlLPiLLAN. 
EdiW by Frank IIekpkuson, E.sq., M.l*. Demy Hvn, 7s. fld. 


liadles* Old-Fashioned Shoes. 

By T. Watson Grkio, of Oleiicorse. Folio, illu.^tralcd by 11 Chromc/liiliographs. 
3l8. 6d. net. 
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Notes of Caithness Family History. 

By the late John IIenoeksok, W.S. 4to, in cloth, 218. net 

Works by M^garet Maria Gordon (n6e 

The Home Life of* S in David Buewster. By his Daughter. Second Ifidition. 

Crown 8vo, 6a. Also a cheaper Edition, crowi Syo, 2a. Od. 

Work ; or. Plenty to do and How to do it. Thirty-sixtli Thousand. Fcap. bvo, 
cloth, 28. Od. , 

WoBKEKs. Fourth Thousand. Fcap. 8vo, limp cloth, Is. Thousand 

Little Millie and iikb Four Places. Cheap Edition. Fifty-ninth Thousana. 

Sunbeams in the Cottaoe ; or. What Women may Do. 

addressed to the Working Classes. Cheap Edition. Forty-fifth Thousand. 
Limp cloth, la. . ^ « o.... 

Prevention ; or, An Appeal to Economy and Common Sense. 8V0, ou. 

The Word AND THE World. Twelfth Edition. 2d. « ii.«««iAih 2a 

Leaves of Healino for the Sick and Sorrowful, ^eap Edition Jimp cloth, 2 . 
Tub MoTiiBitLEs.s Bov. With an Illustration by Sir Noel Paton, B.B.A. Cheap 
Edition, limp cloth, Is. . 

Our Daughters : An Account of the Young Women s Christian Association 
, Institute Union. 2d. ^ ^ Kww 

Hay Macbowall Grant of Arndili.y : His Life, Labours, imd Teaching. «ew 
and Cheaper Edition. 1 vol. crown Svo, limp cloth, 28. 6d. 

The Birds of Iona and Mull, 1862-70. 

By the late Hbnrv Davenport Graham. With a Memoir of the Author. Ltaiieu . 
by J. A. Harv I e-Brown, F.Z.S. 1 vol. sm. 4to, 218. net. 

^^By «ifLv!^W?L^mfffANNA, D.D„ LL.D. 0 vols., handsomely l>ound In cloth 
extra, gilt edges, 80s. 

Separate vols., cloth extra, gilt edges, 5a. ciych. 

1. The Earlier Years ok our Lord. Fifth Edition, 

2. Tub Ministry in Galilee. Fourth Edition. 

8. The Close of the Ministry. Sixth Thousand. 

4. The Passion Week. Sixth Thousand. 

6. The Last Day of our Lord’s Passion. Twenty-third ^Edition. 

9. Tub Forty Days after the Kesurrection. Eighth Edition. 

The ReBurreotlon of the Dead. 

By William Hanna, D.D., LL.D. Second Edition. Fcap. 8vo, 5s. 

D.(£c., B.Sc. Illustrated, 2s. 

Highland Flora, and other Poems. 

By Mrs. David Henderson. Fcap. Svo, Ss. Oil. 

The High Estate of Service. 

Fcap. Svo, Is. 

Errors In the Use of English. . i 

Illustrated trom the Writings of English Author.s, from the 

our own Time. Bv the late W. B. Hodgson, LL. D., Professor of Political iMJonorny 

in the University of Edinburgh, Fifth Edition. Crown Sto.Ss. 6d. 

Life and Letters of W. B. Hodgson, LL.D.. late Tro- 

fessor of Political Economy in the University of Edinburgh. Edited by Professor 
J. M. D. Meiklejobn, M.A. Crown Svo, 7s. Gd. 

Sketches : Personal and Pensive. 

By William Hodgson. Fenp. Svo, 2a. Ctl. 

“Quasi Oursores.” Portraits of the High Officers and 

Professors of the University of Edinburgh. Drawn and Etched TI^lliam 
Hole, B.S.A. The book is printed on beautifiil hand-made PfPe;.)>y 
T. & A. Constable. It contains 45 Plates (WPortrafts), with Biographical 
Notices of all the present Incumbents. The impression is sWctly limiteci. 
Quarto Edition (750 Copies only for sale), £2, lOs. not. Folio Edition, Japan 
Prooft (100 Copies only for sale), £5, 10s. net 
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Memorial Catalogue of the French and Dutch Loan 

Gnllection, Edinburgh lnturii.*itional Exliibition. Lotteriuvs!) by W. K. IIcni.ky. 
Etchings and Sketches by Wili.i.vm IIoi.f., uiul rmi.ii* Ziukkn. TIu' 

book is printed by Constaiu.k on wo\ u hand-iiindo p.i|n'r, in dark-given ink. it 
gives an account of the rise of Roinantii*iMiu, a biograidiy id the prineipal Masters 
of that School, and a dcseriptinn of c.*ich of the IMetnres. It is illuslrated liy 
fifteen original Etchings and fifty-four outliiio Sketches. Tott folio. Edition 
limited to 620 Copies. £a, os. 

The Breakfhst Table Series. 

In 6 vols. By Oliveh Wknoem. Holmi>:s. New and Revised Edilion.s, contain- 
ing Prefaces and additional liililiogmphical Nides liy tlie Aiitlior. 

The Autocrat ok tiik Break east Taiuk. 2 vol.s., 2s. 

The Poet at the Breakfast Table. 2 vols., 2s. 

The Professor at the Bueakfa.st Table. 2 vols., 2s. 

Also bound in dark blue elotli, .at 2s. .a vol. 

A Complete Edition of tlio Poetieal Works of OLIVER WENDELL HOLMES, 
revised by the Autiior, 4 vols. Paper, 4s. cbdh, Ss. Clotli gilt, Ids. 

“Small enough to be. carried in any sensibly constriieted pocket, elear enongli 
in type to acconitnodate any fa.stidIons uyesiglit, ple.-isant and instnictive enough 
for Its perusal to be undertaken with the eertainty of present enjoyment and llie 
prospect of fiiturc profit."— lUvkw. 

Also a Library Edition, in 3 vols. crown Svo. printed at the Riverside Pi ess, 
Cambridge, with a Steel Portrait of the Author, 10s. Od. eaeh vidnnie. 

Traces in Scotland of Ancient Water Lines» Marino, 

Lacustrine, and Fliivintilo. By David Milnk-Hi).mk, LL.D., E.B.S.E. Demy 
Svo, .3s. Gd. 

Biographical Sketch of David Milne-Homo, LL.D., 

F.R.S.E., Etc. By his Djiuglit«>r, (J. M. H. Crown Svo, with Portrait, 3s. dd. 

A Sketch of the Life of George Hope of Fenton Barns. 

Compiled by his Dauuiiter. Crown 8vo, (Js. 

Ono Summer. By Blanche Willis IIowaud Paper, Is. ; elolh, Is. dd. and 28. 

W. D. Howells’s Writings:- 

I H “ American A ulhor " Scrirs. 

Indian Si:.mmek. 2 vols., 2.s. 

The Rise ok Silas Latham. 2 vols., 2s, 

A Foreijone Conclusion. 1 vol , Is. 

A ClIANCF. ArCiUAINTANCK. 1 Vtd., Is. 

Tiikik Weddinh Journey. I vol., Is. 

A Counterfeit Presentment, and The Parlour Car. I vol., Is. 

The Lady of tup. Aroostook. 2 vols., 2s. 

Out of the Question, and At the Sion of tiii; .'^avaok. 1 vol, is. 

The Undiscovered Country. 2 vols., 2s. 

A Fearful Resinjssihii.ity, and Tonelm* ' Makkiaok. 1 vol , is. 

Venetian Life. 2 vols., 2s. 

Italian Journeys. 2 vols., 2s. 

The Shadow' of a Dream. I vol.. Is. 

An IMPF.UATIVE Duty. 1 vol., is. 

All the above may be had in uluth at 2s. (.ach v«d. 

Copyright Library Kdition. 

A Modern Lsstance. 2 vols., 12 s. Atril IIotek I vol., ds. 

A Woman’s Reason. 2 vols., 128. The Mim-vifk’.. CiumiK. ; «iu, Tiir Ar- 

Dr. Breen’s Practice. 1 vol., 3 h. Cd. prenticksiiit of Lemuel Bark eh. 
Indian Summer. lvol.,Gs. 1 vol, Gs. 

Annie Kilburn. 1 vol., Gs. Mekov. 1 vol., fis. 

A Hazard of New Fortunes. 2 vols., 12s. The Would of Chasck. 1 vol. Os. 
The Shadow of a Dream. I vol., Gs. A Tkavt.li.er from Altuuria 
Modern Italian Poets. 1 vol., 7s. 6d. 1 vol., r.s. 
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USX OF BOOKS 


How to Oatoh Trout. 

By Thbie Anqlebs. Fifth Editioa. Fcap. 8vo, lUostrated. Price Is. ; and 

elot^2B. 

** The advice given by the * Three Anglers' whose combined wisdom is bound 
within the covers of this book is always sound/'—yXeid. 

The work is sound in the essential doctrines of the craft."— Seotoman. 

Oor Ain Folk : Being Memories of Manse Life in the 

Meams, and a Crack aboot Auld Times. By James iNoua Or. 8vO| Second 
Edition I 6s. 

*'In its construction and general tone 'Oor Ain Folk' reminds the reader of 
Dr. Norman Macleod's ' Reminiscences of a Highland Parish/ whilst it contains a 
store of admirable Scottish stories, many of them quite new to ns, that can onW 
be compared in quality to the classic collection of Dean Bamaay."— O&uigoio fferala, 
Zeph: A Posthumous Story. 

By Hblen Jackson (H. H.>. Is. paper, or 2s. cloth extra. 

" Beautiful for its inslKht into human nature.*’-- Academy. 

Lord Jeffrey and Oraigorook. A History of the Oastle. 

By James Taylok, D.D.. F.A.S., LL.D., and a Sketch of Lord JefBreys character 
and Craigerook Life, bv the Right Hon. Lord Monorbivv of ^lllebole; with a 
description of the original structure by Thomas Robs, Architect. 1 vol. Royal 
4to, 81s. 6d. not 

Epitaphs and Insorlptlons from Burial-Gfrounds and 

Old Buildings in the North-East of Scotland. ^ the late Andrew Jsbvisb, 
F.S. A.Scot. \i^lth a Memoir of the Author. VoL If. Cloth, small 4to, 328. net. 
Do. do. Roxbuighe Edition, 42s. net 

The History and Traditions of the Land of the Lindsays 

in Angus ana Meanis. By the late Andrew Jbrvisb, F.S. A.Scot. New Edition, 


Paper, demy 4to, 42s. net. 

Memorials of Angus and the Mearns: An Account. 

Historical, Antiqiiarinii, and Traditionary, of the Castlus and Towns visited by 
Edward 1., and of the Barons, Clergy, and others who swore Fealty to England 
in 1201-6. By the late Andrew Jekvise, F.S. A. Scot Rewritten and Corrected 
by the Rev. James Oammack, M.A. Illustrated with Etchings by W. Hole, 
R.S. A. 8 vols. demy 8vo, 28s. not ; Largo Paper, 2 vols. demy 4to, 63s. net. 

Ohronicles of Glenbuckie. 

By Hinry Johnston, Autlior of " The Dawsons of Qlenar.a *' etc. Ex. fcap. 8 vo, 6.s. 

%** A book of humour and pathos, descriptive of the social, political, and 
ccdesiastlcal life in a Scottish imrisli of fifty years ago. 

"A delightful, humorous, and evidently faithfiil picture of Scottish life in a 
rural Ayrshire parish."— Scofs7naa. 

The Place-Names of Scotland. 

By the Bov. Jambs B. Johnston, B.D., Falkirk. Crown 8vo, 7s. Od. 

This book, for whicli the author has been collecting materials during the last 
five years, contains an Introduction, general and philological, followed by a list 
of the important Placo-N.ames of Scotland, with explanations of their meaning, 
and with their old spellings, each dated so far as known. 

Selections from the Correspondence of Dr. Qeorge 

Johnston, author of " A Flora of Berwick-on-Tweod," “The History of British 
Zoophytes, 'f etc. etc. Collected and arranged by his daughter, Mrs. Barwkll 
Carter, and Edited by James Hardy, LL.D., Hon. Secretary to the Berwick- 
shire Naturalists* Club. Demy 8vo, 15s. 

Sermons by the Rev. John Ker, D.D., Glasgow. 

Fourteenth Edition. Crown 6vo, 6s. 

Sermons (Second Series) by the Rev. John Ker, D.D. 

Fifth Thousand. Grown 8vo, 68. 

Thoughts for Heart and Life. 

By the Rev. John Ker, D.D. Edited by the Rev. A. L. Simpson, D.D., Derby 
with Portrait by Jambs Fabd. Second Edition. Ex. fcap. 8vo. 4s. 6d. 


Letters of the Rev. John Ker, D.D., 1866-1886. 

Edition, with Index. Ex. fcap. 8vo, Is. 6d. 


SecoRd 
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The History of Ourlins, Scotland’s ain Game, and 

Fifty Tears of The Royal Caledonian Curling Club. By the Rev. John Kkhr, 
M.A.y Pirleton. One volume, demy Svo^ lOs. 6d. net- Also an Edition on large 
paper, royal 8vo, with IS extra fulLpi^e engraved plates, Sis. Od. net. 

Memories of Ooleorton : Beinff Letters fVom Ooleridge, 

Wordsworth and his Sister, Southey, and Sir Walter Scott to Sir (Icorgo and 
Lady Beaumont of Coleorton, Lclcestershiro. ISOS to 18SS. Edited, with Notes 
and Introduction, by William Knkiht, St. Andrews, a vols. crown 8vo, 158. 

Oolloquia Peripatetioa (Deep Sea Soundings) ; 

Being Notes of Gonveraations with the late John Diincaii, LIj.I). , rrofesaor of 
Hebrew in the New College, Edinburgh. By W i li.i am KNioii r, rrofessor of Moral 
Philosophy in the University of St. Andrews. Fifth Edition, t'nlarged, 5 m. 

The Bnglish Lake District as interpreted in the Poems 

of Wordsworth. By William Knioht, Professor of Moral I’liilosnphy, St. 
Andrews. New Edition, fcap. Svo, 4s. ihI. 

Essays and Beviews. 

By Uie late Hknry H. Lanoastkr, Advocate; with a Prefatory Notice hy the 
Rev. B. JoW£TT, Master of Balliol College, Oxford. Dciiiy Svo, with Portrait, Um. 

Reminiscences connected chiefly with Inveresk and 

Musselburgh and the Episcopal Church there, PriTaced by a short Account of 
Scottish Episcopacy. By Rev. W. U. LAStiiioiiNK, M.A., Hector of Worton, 
Oxford. Demy Svo, 7b. Od. 

Recollections of Ourious Oharaoters and Pleasant 

Places. By Charles Lanman, Washington, Author of "Adventures in the 
Wilds of America,” "A Canoe V<»yage up the MiBHi.s8ippl,” " A Tour to the lllvcr 
Saguenay,” etc. etc. Small Demy 8vu, 12s. 

An Echo of Passion. 

By Geo. Parsons Ijatiirop. Is.; and in cloth, 2s. 

Would You Kill Him? 

By Georok Parsons Lathkoc, Author of "An Etdio of Passion.” Copyright 
Edition. 3 vols. iMJst Svo, 31s. thl. 

Local Taxation. 

An Enquiry into the Pnq»osal to subject Feu-Dulies and GrouniMtcnts to Local 
Rates. By 11. 11. S. Od. 

Leaves from the Bulk of the West Kirke. 

By Geo. Lorimer. With a Preface by the Ucv. Jam, Macukeuoii, D.D. 4to. 

A Lost Battle, a Novel. 2 vols. Crown Svo, 17s. 

" This in every way remarkable novel.”— Morning Pott. 

" We are all the more ready to do Justice to the excellence of tiie aiit hor's drawing 
of characters. A thonavm. 

Memorials of the Families of Lumsdaine, Lumisden, or 

Lumsden. By Lieut.-Col. 11. W. Lumsden, late Hoyal Artillery. With illustra- 
tions. 4to, 428. net. 

John Calvin : A Fragment by the late Thomas M'Orie, 

Author of Tho Life of John Knox.” Demy Svo, Os. 

The Parish of Taxwood, and some of its Older Memories. 

By Rev, J. R. Macdutt, D.D. Extra fc,ap. Svo, Illustrated, 3 b. Od. 
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Oastellsted and Domestio Arohiteoture of Soot- ' 

land, ftrom the Twelfth to the 'Eighteenth Century. By David H'Gibbon and 
Thomas Boss, Architects. 6 voIb., with about 2000 IllnstratiODS of Ground 
Plans, Sections, Views, Elevations, and Details. Royal 8vo. 42a. each vol. net. 

** No one acquainted with the history of Great Britain can take up this neatly 
bound volume . . . without being at once stmok by its carefkil comueteneBs and 
extreme archseologlcal interest, while all students of architectni^jme will wel- 
come the work specially for its technical thoroughness."— Baildliv Nmn, 

A learned, painstaking, and highly important work."— SwMWt Review. 

One of the most Important and complete books on Scottish arshlteoture that 
has ever been compiled."— ScoMman. 

“ The authors merit the thanks of all architectural readers."— Builder. 

The Arohiteoture of Provenoe and the Riviera. 

By David M'Gibbon. Illustrated with nearly SOO sketches 1^ the Author showing 
the various styles of Architecture in the South of France. Demy 8vo, 21s. 

Iona. 

By Elizabeth A. M'Hardy, with illustrations by the Author. Ex. Feap. 8vo. Is. 

Memoir of Sir James Dalrymple, First Viscount Stair:' 

A Study in the History of Scotland and Scotch Law daring the Seventeenth 
Century. By M. J. G. Mackay, Advocate. 8vo, 128. 

Storms and Sunshine of a Soldier’s Life. 

Lt.-General Colin Mackenzie, C.B., 1825-1881. With a Portrait 2 vols. crown 
8vo. 15a. 

** A very readable biography . . . of one of the bravest and ablest officers of the 
East India Company’s army. — Salurday Review, 

Lyrics and Sonnets. 

By Thomas M*Kie, Advocate. Fcap. 8vo, 2s. 

Nuffas OanorsB Mediom. 

Lays of the Poet Laureate of the New Town Dispensary. Edited by Professor 
DoUGliAS Maclaoan. 4to, with Illustrations, Ts. Od. 

The Hill Forts, Stone Oiroles, and other Structural Re- 
mains of Ancient Scotland. By C. Maclaoan, Lady Associate of the Society of 
Antiquaries of Scotland. With Plans and Illustrations. Folio, Sis. 6d. 

The Light of the World. 

By David McLaren, Minister of Humble. Crown 8vo, 6s. 

The Book of Psalms in Metre. 

According to the version approved of by the Church of Scotland. Revised by Rev. 
David McLaren. Crown 8vo, 7s. 0d. 

A Vertebrate Fauna of Lakeland, including Oumber- 

land and Westmorland, with Lancashire north of the Sands. By the Rev. 
H. A. Macpberson, M.A., with Preface by R. S. Ferguson, F.S.A., Chancellor 
of Carlisle. Demy 8vo, Illustrated. .SOs. 

Scottish Gypsies under the Stewarts. 

By David MacRitcuie, Author of '*The Gypsies of India," etc. Demy 8vo, 
Os. net. 

"Mr. MocRltehie's well-written book ia curious, carefhl, and valuable. He is 
familiar with every scrap relating to Scottish gypsies which is as yet known, and 
he uses liis knowledge well.’’— ClosyoK; Herald, 

In Partnership. Studies in Story-Telling. 

By Branoer Matthews and H. C. Burner. Is. in paper, and 2s. in cloth. 

Antwerp Delivered in MDLXXVII : 

A Passage hrora the History of tlie Netherlands, illustrated with Fhesimiles of a 
rare series of Designs by Martin de Vos, and of Prints by Hogenheig, the Wierlczes, 
etc. By Sir William Stirlino-Makwell, Bart, K.T. and M.P. in 1 vol. Folio, 

5 gnlneas. 

Studies in the Topography of Galloway: Being a List 

of nearly 4000 Names ofPlaoea, with Remarks on their Origin and Mnotag. By 
Sir Herbert E. Maxwell, Bart., M.P. 1 vol. demy 8vo, 14s. 
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Art of Love; or, New Lesaons in Old Lore. 

By Sir Herbert E. Maxwell, Bart, M.P., author of “Sir Luciau Elphlii.” 3 
vola. post 8vo, 818. ad. 

Fassaffes in the Life of Sir Luoian Elphin of Oastle 

' Weary. Bdited by hia Sibter. 8 vola. deuiy 8vo, 248. 

Beaeaxobiii. and Excavations at Oarnao (Morbihan), 

The BoaaoIR, and Mont St. Michel. By Jambb Miln. Uoyal 8vo, with Mapa, 
naua, and nnmerons Illustrations in Wood-Engraving and Chroinolitliography. 
ISa. 

Excavations at Oamac (Brittany) : A Record of Archaso- 

' logieal Besearchea in the Alignments of Kerinario. By Jambs Mii.n. Uoyal 8vo, 
with Maps, Plana, and numerous Illustrations in Wood-Engraving, 168. 

The BlaokfSriars of Perth. The Chartulary and Papers 

of their house. Edited with Introduction by Uohkkt Milnk, D.l)., West Kirk, 
Perth. Demy 4to, Illuatrated, 21a. 

The Past in the Present— What is Civilisation? 

Being ttie Rhind Lectures in Archicology, UclivciTd in 1K76 and 1878. Ilv nir 
Arthur Mitchell, K.C.B., M.D., LL.D. In 1 vol., demy 8v», with 148 Wootl- 
ents, 168. 

** Whatever differonces of opinion, however, may Im!i held on minor points, there 


pieces ofarcj^sBological literature which has appeared of late yfarM."'-&7. Jameu’t 
OautU. 

Our Scotch Banks : 

Their Position and their Policy. By Wm, MiTt nELL,8.S.C. Tlifid EtliUon. 8vo, 68. 

Bemlniscenoes of the Grange Orlcket Club. Edinburgh, 

with selected Matches, 1882-62. By William Monm ukivk, PreHldcnl and Ex- 
Captain of the Orange G.C. Largo 4to, gilt top, 6s. 

On Horse-Brealidng. By Robert Mohkton. Second Edition. Fcap. 8vo,ls. 

Ecolesiological Notes on some of the Islands of Scot- 
land ; witli other Papers relating to Ecclesiological Uemains on the Heottlsh Main- 
laud and Islands. By Thomas 8. Mum, Author of “Chanirt eristics of Church 
Architecture,*’ etc. Demy 8vo, with iiuiiieruus Illustrations, 21s. 

The Birds of Berwickshire. 

ByQEO. Muiriiead. 2 vols. demy 8vo, Illustrated. Vol. I., Ifis. net. 

' [Vid. H.inth^PrtM. 

“The Lanoz of Auld”: An Epistolary Review of “The 

Ijennox, by William Fraser.” By Mark Naiieb. With Woodi;uts and Plates. 
4to, 16 a 

Tenants’ Gain not Landlords' Loss, and some o^er 

Economic Aspects of the Land Question. ByJosKrii Hiiiki.u Nh'iioibon, M.A., 
Professor of Political Economy in the Unlvemlty of Edinburgh. Crown 8vo, 6 h. 

Oamps in the Oaribbees* Adventures of a Naturalist 

in the Lesser Antilles. By Frederick Obkr. illustrations, demy 8vn, 12s. 

Oookeiw for the Sick and a Guide for the Sick-Room. 

By C. H. Ooa, an Edinburgh Nurse. Fcap., Is. 

On the Links: Being Golfing Stories by Various Hands. 

Edited by a Novice. With Two Rhymes on Golf by Andrew Laho. Extra 
fcap. 8vo, Is. 

An Irish Garland. By Mrs. S. M. B. Piatt. Crown 8vo, 3m. 6d. 

The Ohildren Out of Doors : A Book of Verses. 

By Two IN One House. Grown 8vo, Ss. 6d. 


Pheehe 

By the Author of “Rutledge.** Reprinted ftpom the Fifth Thousand of the 
American Edition. Grown 8vo, 68. 

** * Phesbe* is a woman's novel”— SafHrday Sivitw. 
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LIST OF BOOKS 


The Gamekeeper’s Manual : being Epitome of the Game 

Laws for the uee of Gamekeepers and others interested in the Preservation of 
Game. By Alexander Porter, Deputy Chief Constalde of Boxhuiighsliire. 
Second Edition, Ss. net. 

Mav in Anjou ; with other Sketches and Studies. 

By Eleanor C. Price, Author of A Lost Battle," etc. Foap. ^vo. Is. 

CorUent8.—Ua.y in Albion-- Winter and Summer->In Old Mnee— The GhA- 
teaux of Toiirainc— An Old French House— A Study of a Town—Up the Feeder. 

Scotland under her Early Kings. 

A History of tlio Kingdom to the close of the ISth century. By E. William 
Rouer'I’son. In 2 vols. 8vo, cloth, 36s. 

Historical Essays, 

In connection with the Land and the Church, etc. By E. William Robertson, 
Author of “ Scotland under her Early Kings." 8vo, 10s. Od. 

A Rectorial Address delivered before the Students of 

Aberdeen University, in the Music Hall at Aberdeen, on Nov. 6, 1880. By Thb 
Earl or Rosebery. 6d. 

A Rectorial Address delivered before the Students of 

the University of Edinburgh, Nov. 4, 1882. By The Earl or Rosebery. 6d. 

Aberdour and Inchcolme: Being Historical Notices of 

the Parish an<l Monastery, in Twelve Lectures. By the Rev. William Ross, LL.D., 
Author of “ Burgh Life in Dunfennliue in the Olden Time." Crown 8vo, 6s. 

Notes and Sketches from the Wild Coasts of Ninon. 

With Chapters on Cruising after Pirates in Chinese Waters. By Admiral Henry 
C. St. John. Small demy 8vo, with Maps aitd Illustrations, 12s. 

Natural History and Sport in Moray. 

By the late Charles St. John, Author of ** Wild Sports in the Highlands." 
Second E<litioii. In 1 vol. royal 8vo, with 40 page Illustrations of Scenery and 
Animal Life, engraved by A. Durand after sketches made by Georoe Reid, 
R.S.A., and J. Wyclikve Taylor ; also, 30 Pen-and-ink Drawings by the Author 
in facsimile. OOs. net. 

" This is a now edition of the work brought out by the friends of the late Mr. St 
John in 1863 ; but it is so handsninely and nobly printed, and enriched with such 
channing illustrations, that wc may consider It a new book."— James’s Gazette, 
Charles St. John was not an artist but he had the habit of roughly sketching 
animals in positions which interested him, and the present reprint is adorned by 
a groat number of tlieso, facsimiled from the author’s original pen-and-ink. Some 
of these, as for instance the studies of the golden eagle swooping on its prey, and 
that of the otter swiiiiiiiing with a salmon in its mouth, are very interesting, and 
Bill of that charm that comes from the exact transcription of unusual observa- 
tion.’’-<-PaB Mail Gazette. 

A Tour in Sutherlandshire ; with Extracts ftom the 

Field-Books of a Sportsman and Naturalist. By the late Charles St. John, 
Author of *' Wild Spurts and Natural History in the Highlands." Second Edition, 
with an Appendix on the Fauna of Sutherland, by J. A. Harvie-Brown ana 
T. E. Buckley. Illustrated with the original wood-Engraviiigs, and additional 
Vignettes from the Author’s sketch-books. In 2 vols. small demy 8vo, 21s. 

Every page is full of interest."- Field. 

" There is not a wild creature in the Highlands, fh>m the great stag to the tiny 
fire-crested wren, of which he has not something pleasant to say.^’— PoB MaU 
GautU, 

Life of James Hepburn, Earl of Bothwell. 

By Professor Schiern, Copenhagen. Translated firom the Danish by the Rev. 
David Berry, F.S. A.Scot Demy Svo, I6s. 

Scotch Folk. 

lUnstrated. Fourth Edition, enlarged. Ex. fuap. 8 yo, Is. 

** They are etorles of the best type, quite equal in the main to the average of 
Dean Ramsay's well-known coUeetion.’’- Aberoeen Free Pre», 
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The Journal of Sir Walter Soott, 1826-32. 

From the original Manuscript at Abbotafoni, annotated and illnstratiMl from his 
“Life" and Correspondence. 2 vols. demy 8vo. With 2 portraits, 32s.; also 
popular edition in one volume, small 8vo, 050 pp., price 7s. Gd. 

Familiar Letters of Sir Walter Soott. 

From Originals at Abbotsford and elsewhere. 2 vols., demy 8vo, 82s. 

“In perusing these fascinating pages wo seem to live Mr Walter's life over 
again with him ." — Daily Telcgrajth. 

Bud^ism and Ohristianity : A Parallel and a Oontraat. 

Being the Croall Lcctui*es for 188i>-il0. liy Ar('iiibald SaviT, D.D., Minister of 
St. George's, Edinburgh. 1 vol. demy 8vo, 7s. Gd. 

Sacrifice : Its Prophecy and Fulfilment. 

The Baird Lecture for 1802-23. By Akciuuai.d Scott, D.D., Minister of St. 
George’s, Edinburgh. Crown Sto, 7s. Gd. 

Album of the Scottish Artists’ Club. 

Containing 00 Engravings. One vol. fol., -I'is. net. 

Studies in Poetry and Philosophy. 

By the late J. C. Shaihp, LL.D., Principal of the United College nf St. Snlvntor 
and St. Leonard, St. Andrews. Fourth Edition, witli Portraits of the Author and 
Thomas Erskine, by William IIolk, A.U.S.A. Crown 8\o, 7s. Gd. 

“ The linost essay in the volume, partly beennse it is upon the greate.m and iiiomI 
definite subject, is the first, on IFon/sawiA. . . . W'o have said so iniieli iipioi tliis 
essay that we can only say of the other three that they are fully worthy to stand 
beside it.’*— Spectator. 

Culture and Religion. 

By tlie late Pkincipal Siiaiki*. Eighth Edition. Feap. 8vo, :Js. Cd. 

“A wise bonk, and, unlike a great many <tiher wise books, litis tlnii I'arefiilly 
shaded thought and expression whUdi fits Professor Shairp to speak for Culture 
no less than for Religion.’’— Sjwtator. 

“Those who remember a former work of Prine.lfml Hhairp’s, ' Studies in J’oetry 
and Philosophy,’ will feel secure that all which (‘onie.s from his pm will bear the 
marks of tliought at once careflil, liberal, and aceurate. Nor will they be dis- 
appointed in the present work. ... Wo can recommend this book to oiir readers.’’ 
—A ihenmum. 

“We cannot close without earnestly recommending the tiook (o thonghtfkil 
young men. It combines the loftiest intellectunl power with ti Nim|>le and oliild- 
like faith in ChHst, and exerts an inllueiiee which must bo stimulating and 
healthful.’’— Freeman, 

Sketches in History and Poetry. 

By the lute Prin’cipal Miiairp. Kditcil by John VKiTfH, ProfeMsor of Logic 
and Rhetoric in the University of Olosgow. Crown .svo, 7s. |J»1. 

Kilmahoe : A Higrhland Pastoral, 

And other Poems. By Principal Kiiairp. Feap. Svo, Gs. 

Shakespeare on Golf. With special Reference to St. 

Andrews Links. 3d. 

The Divine Comedy of Dante Alishleii, The Inferno. 

A Translation lii Terza Rima, with Notes and Introductory Essay. By Jampji 
Romanes Sibba^. With an Engraving after Giotto’s Portrait. Small demy 
Svo, 128. 

“ Mr. Sibbald is certainly to bo congratulated on having produced a translation 
which would probably give an English reader a lietter coiicojitloii of the natiirn of 
the original poem, having regard lioth to its matter and its form In combi nation, 
than any other English translation yet published.’’— Aont/my. 

The Use of what is called Evil. , , , 

A Discourse by Simplicius. Extracted from his Commentary on the Enchiridion 
of Epictetus. Crown Svo, Is. 

The Near and the Far View, 

And other Sermons. By Rev. A. L. Simpson, D.D., Derby. Ex. feap. Svo, 5s. 

“ Very fresh and thoughtful are these semions.*’— Liferary IForW. 

“ Dr. Simpson's sermons may fkirly claim distinctive power. He looks nt things 
with ills own eyes, and often shows us what with ordinary vision we bod fallwl to 
perceive. . . . The sermons are distinctively good."— Brilfah Quarterly Heview. 
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ArohsBOlogloal Bssaya 

By the late Sir Jahbs Simpbon. Bait. 
2 vols. 4to, 218.. 

1. Archeology. 

2. Inchcolm. 

8. The Gat Stane. 

4. Magical Charm-Stones. 

6. Pyramid of Gizeh. 


Edited by the late John Stuabt, LL.D. 

6. Leprosy and Lraer Hospitals. 

7. Greek Medical vases. 

8. Was the Roman Army provided 

with Medical Offloers ? 

9. Roman Medicine Stomps, eto. etc. 


The Art of Gk>lf. 

By SiH W. G. SiMPHON, Bart. , Captain of the Honourable Company of Edinbnigh 
Golfers. With Twenty Plates from instantaneous photomphs of Professloi^ 
Players, chiefly hy A. F. Macfle, Esq. New and revisea edition. Demy 8vo, 
Morocco back, price 15s. 

Sir Oalidore, the Knight of Courtesy. 

Bofloctiuus submitted to all Christian Gentlemen. Second edition, post 8?o, 
28. 0d. 


Should Feu-Duties be Taxed 9 By Vindsx. Demy svo, 8d. 


Celtic Scotland: A History of Ancient Alban. 

By William F. Skene, D.G.L., Historiographer-Royal for Scotland. New 
Edition, revised. In 8 vols. demy 8vo, 45 b. Illustrated with Maps. 
I.->Hi8toby and Ethnolooy. II.— Church and Culture. 

1 1 1. —Land and People. 

" Forty years ago Mr. Skoiio published a small historical work on the Scottish 
Highlands which has ever since been appealed to as aii authority, but which has 
long been out of print. The promise of this youthful effort is amply fhlfllled in 
the three weighty volumes of his maturer years. As a work of historical research 
it ought in our opinion to take a very high rank.’*— Times. 

The Four Ancient Books of Wales. 

Containing the Cymric Poems attributed to the Bards of the Sixth Century. By 
William F. Skene, D.C.L. With Maps and Facsimiles. 2 vols. 8vo, 36s. 


The Gospel History : 

Being lectures on the Life of Christ By William F. Skene, D.C.L. Small 
crown 8vo, 3 vols., with Maps, 28. 6d. each vol., or in cloth box, 7 b. Gd. net. 

Tommie Brown and the Queen of the Fairies : A new 

Child’s Book. By William F. Skene, D.C.L. In fcap. 8vo, with Illustrations, 
48. Od. 


Fishin’ Jimmy: A Sketch. 

By. A. Trumdull Slosson. Fcap. 8vo, 0d. 

Shelley. A Oritical Biography. 

By Georob Barnett Smith. Ex. fcap. 8vo, 6s. 


An Aberdeenshire Village Propaganda Forty Years Ago. 

By Robert Harvey Smith, M.A. With an Introduction by William Alexander, 
LL. D., author of ' ' Johnny Gibb of Gushetneuk. ” Cr. 8vo, 38. 6d. 

The Sermon on the Mount. 

By the Rev. Walter C. Smith, D.D. Crown 8vo, 6 b. 

Sketches of Montrose. 

By Jambs Mackie Smith. Folio plates, ISs. 6d. net 


Life and Work at the Great PiTramid.- 
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